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BLAST NOISE PREDICTION
VOLUME I1" BNOISE 3.2 COMPITER PROGRAM DESCRIPTION AND
PROGRAM fIS.TI NG

I INTROIUCTION

Background
(vet the past sexcral ,ears, the tS. Army Construction Engineering Research Laboratory (CERI.)

has gathered data from various sources dealing with blast noise generation and propagation and has per-
formed several sets of field exercises designed to further develop information regarding blast noise
source,, nd the propagation of blast noise in the atmosphere. These CERL studies include measure-
ments of the propagation of' 73S, five-pound charges set off at a central location at Fort Leonard Wood,
M.1(' measurements at Fort Sill on the directivity pattern of all of the Army's major weapons," and
small-scale studies at Fort Sill, OK and Fort Leonard Wood (Appendices A and B) designed to examine
the weight relation between blast charge size and blast amplitude and duration. These studies were per-
formed as a part of efforts aimed at developing approved methods of predicting the impact of blast
noise at military installations. Data generated by these studies are used in the CERL-developed Blast
Noise Prediction computer program (BNOISE 3.2), designed to predict the noise impact of military
installations resulting from the blast-producing operations of armor, artillery, and demolition.

Purpose
The purposc of this report is to develop and explain the relations between and among various data

developed to predict the blast noise impact of Army facilities, and from these data bases, to develop the
computational procedures used within the Blast Noise Prediction computer program.

rhis volume contains the BNOISE 3.2 program description and program listing.

Mode of lechnolog Transfer
[he program and documentation f'or the Blast Noise Prediction computer system will be available

fTom the )epariment off the Army Assigned Responsible Agency (1981).

9. m.-- ' ' I I



2 PROGRANI DES(RIPTION

The Blast Noise Prediction computer program (BNOIS- 3.2) wias developed to allow faster com-
putation (4 noise ;lus in terms o ( -, eightled day/night average sound level W(I)NL) * It also pro-
ides generaliled and uniform nise-inpa-. predictions when given a specific set of input data.' The

output of the Blast Noise Prediction computer program is at set of CDNL contours which can he over-
laid on a land-use map of militarv facliti and its environs to allow rapid identification of flise-sensiic
land areas.

This volume is v ,ritten t tr those persons familiar with computer programming who require docu-
mentation and hackground for the Blast Noise Prediction computer program. It can also be uSed as a
program reference mailnrual

System Over,iew

The Blast Noise Prediction program is a digital computer program which can produce (I)NL con-
tours for military facilities with impulsive noise sources (e.g.. artillery. explosions or demolitions, and
weapon blasts )

The program is A rilten if] Fortran I\ and used on a Control Data Corporation ((')C) 6600 com-
puter. 1t consits of a main :ontrolling program, called CDNL, which invokes a series of subroutines
when given a set of modules chosen by the user. There are also several supporting programs which aid
CI)NL

Each subroutine contributes either directl. or indirectly to the goal of producing CDNL contours
for a facilit. The data base for the program is a description of the facility and its noise sources, i c..
the lcatin if firing pioints, targets, blast sites, and materials involved in producing the noise. Program
modules Ahich arc to he us.d require instructions in the form of card input, headed by the module call
card and followed b. pertinent information chosen or provided by the user. In addition, input tiles
such as the data base file or a file containing intermediate results from another module are necessary
Each module produces a printed report consisting of.

I Module name

2. Input values supplied by the user, and/or default values supplied by the program

3 Module-specific output

4 Module execution time.

Some modules alsri produce output files on auxiliary storage (| igure I is a system flowchart I
Table I summarizes the input/output (1/0) files used by the contouring program. This table lists the
I/O files by number, a description of the files, the routines which use them for input, and the routines
which produce them as output. If the programmer wishes to modify the program, he** should aoid
changing these file identifiers (TAPt" NIJMBERSI as they already appear elsewhere in the program
[APE5 is the input file used by all routines having card input. TAPE6 is the output file used by all
routines which produce a, printout (see Figure II.

f ) H 1h, , 11 " '1, I 1'l \ I 1 I w k 1 1 i, " 'dI % / ," ,/. ....1 , ..,I~ l ,' I€ i ; " , ,' ', ".. . . . . . r, l, 1 '
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kWhenl the user has a set of data for which he wishes to receive output from the Blast Noise Pred-
iaion progran, he. must put together a deck of cards, cafled the I.USER'S RUN. This deck is composed

I .oh ( ontrol I an)'tIge (( 'I ) cards

Input data cirds

3 Module cards

[IteuC 2 presents the order of these sections within the deck. The user's main interest lies in pro-
iding the llstil Noise Prediction program with data in the proper form, knowing what the modules do,

and urdc t.inting wfa ltype of output can he expected from them. The programmer should familiarize
himself with the connection between the I USER'S RUN deck and the corresponding code in the subrou-
lilies

f he programmer should know% whill input must he provided to the Blast Noise Predictien program
h\ the User so he .in relate items in the deck to the internal variables and subroutines within the pro-
ru1i; it is ilso helpful to know how these data are acquired. Figure 3 shows the general composition of

input data of the user's deck.

/( . i widl

The user must pro\<ide a set if s *stem-specific JUL cards at the beginning of the USER'S RUN
deck -hese cards inform the computer that someone wants to use the stored Blast Noise Prediction
program The C.1 cards do not change from run to run for the average user, and he should not con-
tern hinsell with them heyond knowing that they must precede the cards of his actual data items and
11o dule calls.

Itipuif t)(11
The Blast Noise Prediction program considers noise from two types of sources: firing points and

target points. The firing point is the spot from which a projectile is being launched or the site of a
demolition charge. the target point is the site of a projectile's impact; if data are to be useful to the
llast Noise Prediction program, a projectile's launching weapon must produce a sharp blast and not a
drawAnot.ll, "w hoosh-type" sound such as that emitted bv most rockets.*

I he daita required on input cards are ( I) the X and Y coordinates of the firing range for both the
tirget and firing points, and (2) the amount of propellant and projectile charge, in TNT equivalents,
producing the noise at both the firing or target point. In the case of sound occurring only at a firing
p)i(nt, the user must determine whether the sound is caused by an explosion at that point (e.g., a
dcmoliion chargel or if it is an instance of a weapon propelling a projectile which makes no noise upon
inpact at its target point (v g.. an illumination roundi. In the first case, only the firing point coordinate
is needed, while in the second, hoth firing and target point coordinates are required, even though there
is no sound at the targel. [his is because noise produced by a weapon has a directivity pattern associ-
atied with it that \,aries the inlount of sound pressure around the weapon. The degree of variance
depends, in great part. on the phsical characteristics of the weapon itself. A projectile or demolition.
howeer, produces noise omnidirectionall from its source .

It is up to the user to differentiale between the anount of propelling charge at the firing point and
the amouil of projectile charge exploding at the target point. These values vary for different weapons
and amlunition Table 2 gixe's the weapon codes used Ior a certain set of standard weapons. The
wcight of propellant and projectile charges for these weapons, in TNT equivalents, and directivity infor-
mation are gien in 1 Jables 3 and 4

It can he seen from [able 3 that . ar olts anlOUnts of propellant can be used to lire one si/e of pro-
jectile. I he user is not restricted to the weapon t. pes listed in Tables 2, 3. and 4. lie may create data
1) stui his needs as long as they are put ino proper formal and labeled with a new gun-type code.

I 'I \hM
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("New" means that the code number differs from all of the codes already provided.) This prevents the
computer and/or other user,, froim confusing it with an already listed code. At no time can two
difterent weapons ha e the same code within one deck. [he user must also specify the number of
rounds fired by each weapon at each point during the day (0700 to 2200 hours) and during the night
(2200 to 0700 hours)

The input data portion ro the USER'S RUN deck is divided into.

1. (un-type cards

2. Target point definition cards

3. Firing point detinition cards.

The gun-type cards describe the weapons by specifying (IH the weight of explosive in the projec-
tile, (2) the weight of the different propellant charges. (3) the name of the weapon, (4) the weight
parameters A and 1,, and I5) the directivity pattern. Table 5 outlines the required format. The target
point definition cards list the X and Y coordinates of the target area. The tiring point definition cards,
in addition to listing the X and N coordinaes of the firing point, specify (I) what types of weapons are
the noise-producing sources. (2) how often each specified weapon is fired during the day and at night,
(3) if the projectile impacts at the target, and (4) the height of impact. Tables 6 and 7 give the card
format for target and firing pint data. respectively.

Mfodules

A sequence of individual sections. called modules, informs the Blast Noise Prediction program
what the user want, done to the input data he has provided. These modules correspond to major sub-
routines in the Blast Noise Prediction program. There are, however, more subroutines which are
necessary for program operation than there are modulc available to the user.

To identify and run a Blast Noise Prediction program module, the user must (1) input a card
identifying the module to he' run followed by (2) a card (or cards) specifying the parameters which that
module requires to function correctly. The user varies the parameters to account for the input data and
to produce the desired output Output can be either a set of printed tables of CDN[ values or an actual
paper plot of CI)NI. contours , depending on which modules are invoked. There is some freedom in
the ordering of the modules, however, certain modules use the output generated by other Blast Noise
Prediction program module,, If the user chooses one of these "dependent" modules, he must be sure it
is preceded by the modules which will provide the data it needs. Figure I, a flowchart for Blast Noise
Predi'ion program modules,. shows which input, they require and the output they produce

The following modules are currentl. available from the Blast Noise Prediction program.

NEF-I specifies whether the data base coordinates are in meters or feet. There is only one of
these cards per USER'S RI.N and it i, always the first card in the module section. I is also used fo
specific options which might he mvailable

BASE. generates line segments which can be drawn by the PLOT routine on the paper plot output.
It can be used to create in outline of the facilitm for which the user is providing data It can also be
used to draw lines on the PLOT output to be used as a visual reference for lining up the paper plot with
the actual map BASE causes PLOT to draw line segments from coordinate to coordinate, as specified

BOUNDS uses map coordinates to set the limits of the total area encompassed by CDNL calcula-
tions and to be enclosed by the PLOT drawing. It is used to define the area in which the user is
interested.

FORMA tabulates target and firing point information from the input data. It compresses data into
the form required by P1))I (R11).

LOCATOR labels target and firing points on the plot.

MAP does elementary error checking and is a preprocessor for the input data. It also produces a
listing of input data and generates cross-reference tables.

IIhk" I -,, d w , I ! 11, 111W 1111 ' 1,11 .w .tic glI. ll III I \IL14~ i\ I 'll t wJ! (l , o I( [R
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PI(-T d uinbt,, ,u:put from appropriath module,, for use h, the N. SAI'.()I1 program to create
aktual plot, I onlo ir, fl -I)NI, levels

P()l N I j , tlate ( I).\I 'lr spe ific locations.

P1I)I)I I ,, <ll) cic,IWc, a reL. ''U tr vrid of' (I)NI_ alues in the area specified by the user in

the R(OUINDS niod,

S(',\I[FR allos ic P 1 ()I r,-,umc to ci,,, idotsi of noise sources: the number

ot dots is proporlional Ito the blasting ati\,... ; that p)oirl

SI()P signals the Blast Noise Prediction program that the mo dule section of the IUSER'S RI.N
deck has been terminated

\ multipunch 6 89 card must be the last card in the IU'SER'S RIUN. the multipunch informs the
co1m1putCr that all input for the SFR'S RUN has been submitted and thai the system does not need to
hok for more cards in order to execute the run

I igure 4 represents a possible sequence in %hich the modules of the Blast Noise Prediction pro-

gram , could he ordered b the user in the SlIR'S RIUN Tahles 8 through 17 summarize the input
rCquired b\ c.h module ol the Blast Noise Prediction program These tables describe the instruction

Lards four the module, and list, in tabular format, the specilications for all the parameters required by
each module Tahles 9 through 17 ha',e the following column headings:

( AR) I) gives each card of a module a name as a reference, e.g., the first card in MAP is

called MAP-I

(OLI MNS the card columns in which data must appear.

\ ARIABLE NAMI the name given to these data within the program.

F)RMA T I ortran description of how that data item must look. There are three basic formats
used by the Blast Noise Prediction program: each corresponds to a particular type of data.

I A -- alphanumeric data such as module names, i.e., items combining the letters A through 7
and the numbers 0 through 9. For example, AIO or a field of up to 10 characters (letters and

numbers) must be left Justified.

2 I -- integer number, e.g., 12 or a 2-column (digit) number with no decimal point (must be
right .ustitied in the columns in which it appears).

3 F -- all other data and normal decimal numbers for real arithmetic operations, e.g., F10.1 or a
Itt-digit real number at maximum (can he smaller as long as a decimal point is put in, e.g., 32.5 or
6.3) The 10 means the number is a total of 10 columns: one column is a decimal point and there is

'ine digit after the decimal point. A shorter number simply means that the leading digits are zeros. A
letter character cannot appear in a field specifted as an "'J or "F fiortnat. The user must make sure data
tms are In proper format on the (ards in order fir the Blast Voise Prediction program to interpret the input
orrectl.

I)LSCRIPTION tells what parameter is being referred to and includes any special codes and/or
notes about required data and their units, i1 any. Ant' characters between quote tnarAs (' ) are the actual

items written in th(, ,peeilied olownins / that mioduh' card.

()MMr.NTS/I)IFAILS default values are the quantities the Blast Noise Prediction program
will use if certain items are left blank by the user. If there is no default value given for it, that data
item must be specitied by the user. Special instructions regarding that card are included under this
heading

PR1-[VIOJS CALLS RI-QUIRID: a module whose output is required as input to the current

module and therefore must be called helore the current module.

13



Additional Module Input

Most oi' the data r equired b\ Blast Noise Prediction program modules arc sell -ex planalor% and arc
listed,. v module. in Tables 8 through 1 7. I IowL' er. some parameters for Pl I)1)1 I ( II) 11I')lN I
U )RM A. and MAP require more d(ctiled explanations.

/'L'))LE (6R11)

Ihe "grti size" specificatioii in t he IUD 1: (IID module Specifies howk oictn. in terms oft
and( Y cioordinates, the ('I NI %alics are to be comptetd (e g , cxery 1000 ni 0)1 200,) it are reasonabhle
values il the o~erall land area itluded in the contour is, fairl - large) [he smaiIL ller the aucs Used. t he
finier thle goid tic, and i he smOooli hr [tic contour that is produced This IS heLause thr pri graim haNs a

gieater nuinbet Of actuil ploints 10 plot Irum and fewer toi approximate C utting the grid Si/e in hilt
%kill cause f'our times , oumin% pinis 1o he computed and wIll cOSt ,iboui 'OuiI imics a-, niu h it, ruii.
Since run cost is, proportioinal to the tnumber of' points computed I hc user must tonsider cost wAhen
choosing grid sizc, because i' (the program hats to compute a greater number of values it %&ill run longer.
and theref-ore will cost mo re.

PtL F).i JR /I) a m I PO/I\T

The "ins ersion lactors" Specification in the l~jD.1_ ()R E if ) and P( )INT modules prox ides a set ol'
meteorological data to the proigram. Weather conditions, especially temperature. ha-,e an eflcci on I he
Aak stUind propagates through the atmosphere (see Volume 1). Currently, the Blast Noise Prediction
pro gram does ni~ take ito coinsidleration the eff'ects of' wind. IHowever, it does take intoi account tenm-
perat ure Inversioins. T-heref'ore, the user must provide appropriate inversion data for the location (it his
noise St Ud I nkersiin data tables available f'rom the National Weather Service summarize i adlosonde
obseratans made at selected weather stations. A summatry of' this temperature dlata is presented in
T able IX This table tS Used to determine the temperature inversion Factors required by Pt '11.

GiR ID and l'( INT The user Should locate the city closest geographically and rneteorolugicallh I he
number in that vow under the co'lumn labeled "SURVACY. . is the value used for in\ersion Alcor I
The Second ta ti is obtained u~ndet the "I -SOlO in" column the third factor is found under [Ile ci nio
labeled " I - 1000 !ii

IORM-1

The bLarge ,i~ eraging technique' speciiation to the H)R MA module allowks theC LISet to cho(i se

the range of charge si/es the program will use from among those given for the propelling charges I-or a
specific weapon in the gun-type cards This range is chosen in the tiring point definition cards I (i
example. If- the user states that weapon I nrirmally uses charges f'rom zones I thriiugh S (the range'
the optirins tcldl the tfolliiwing results

F 1 '\\ is Lhosen, the program will use the largest charge sue in the given fields Ibr Its LaltU
at tons

2 If C A VI is, cho sen. the program will a% erage the actual I NI equivalent,. of aill the fields and
use that average for L0iutpu titins

3 If' WA I is, h4)scn. the priigrami will integer average the /one numbers and use the \,alue of
charge size found in that /()ic. i e I and S elWd charge .3. 1 and 4 also yield charge 3 If- upper anti
lower boundaries itf the charge /ones are the samle number, then all three options will arrive at( the
same charge Si/c I or esample. it Iand 3 arc sptcilied on the tiring-point definition card as the charge
raingc. then the prOgram will use whate~er charge aluc is in /One 3 Of the propelling charges, tIor thaii
weapon, no inaitter which ixeraging technique is, chosen

%f -ti,

If a user wishes ui determine hiiw many point-, wifl be generated by PUDI )ILI CRIDI for a spec ILk
gtid Si/c. he may request this Itnformation front the M \P~ module instead of calculating it himself I he
user must specikY the number oIf various grid si/es lie wishes to Irk on the M AP-4 card, and then list
these with as many MAP-5 cards ats necessary The output fromt MAP will list the number of pioints
that will be generated by the chosen grid si/es. -The MAP' module can be used by the user to indicate
the cost ol producing at grid (see P[JI)I)I.RII). abn-e) [hese MAP module cards must he
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Table 2

Weapon Codes

Weapon Code

105 -mm howitzer (M 102)
15 5-mm howitzer (M109) 2
8-in. howitzer (MI 10) 3
I 75-mm gun 4
I 55-mm howitzer i I)09A1 0 5
1 55-nim howitzer (k 1 14) 6
8-in howitzerl.Ml IAI I 7
155-mmlhowit.er (Ml981 H
Small charge TNT (0.25-90 [b) 10
Large charge TNT (110-500 Ib) 11

60-mm mortar 20
8i-mm mortar 22
107 -mm mortar (4.2 in.)1 23

SI-mm recoilless rifle 30
90-nim recoitlless rifle (%167) 31
116-mm recoilless ritle (M4)A Ii 32

20-mimi gun 40
40-mmn gun 41
57-mm gun 42
9)i-mm gull 43

2 75
-in t-kl 50

t S in r... kvi 51
66-inon r.'I Lel 52
1 MlA i%%dcl (%1 '21 53

I Iry~ ggni sile 55
Shiljealajjh iil il, I S12 miin vun 56

4)1-mm grenade launcher OM2031 60
Rifle grenade M%794) 61
Hland grenade I M67) 62

M61) rank i hIS-mini regular shell 90
M460 lank 'I 105-mm) high veloc ity %hell 91
1 

5 2-in link ,eui ISheiidanl IM5S It regular %hell 92
1 2 rmin tank gun (Sheridanl IM551 IIl A] I shell 93
1IS 6 "Ii non l I 1 94
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Table 3
Projectile and Propellant Weights for Table 2 Weapon Codes

(TNT equivalent in pounds)

Propellant Weight
Weapon Projectile Charge Zones

Code Weight 1 2 3 4 5 6 7 8 9 10

1 4.6 0,5175 0.605 0.7731 1.004 1.3275 1.8656 2.7456
2 15.4 1.7687 2,2875 3.0875 4.025 7.05 9.8375 13.275 38.0
3 36.3 5.3188 6.2688 7.5125 9.5188 16.85 22.0125 28.1375 43.6
4 31.3 23.56 39.7 57.24
5 15.4 1.7687 2.2875 3.0875 4.025 7.05 9.8375 13.275
6 15.4 1.7687 2.2875 3.08757 4.025 705 9.8375 13.275
7 36.3 5.3188 6.2688 7.5125 9.5188 16.85 22.0125 28.1375 38.0 43.6
8 15.4 2.0 2.8 3.3 5.6 8.5 14.2 17.3 26.0

10 0.25 1.0 5.0 10.0 15.0 25.0 35.0 50.0 70.0 90.0
II 110.0 140.0 170.0 200.0 240.0 290.0 340.0 380.0 4400 500.0

20 0.42 0.021 0.042 0.063 0.084
21 0.6 0.22 0.25 0.28 0.31
22 2.25 0.042 0.0653 0.0886 0.1119 1.352 0.1585 0.1818 0,1941 0.2284
23 8.5 0.0803 0.1132 0.1642 0.3369 0.6717

30 0.55 1,0
31 1.72 131
32 2.79 8,0

40 0.05 0 2
41 0.14 0.718
42 0.44 2.28
43 1.9 731

so 5.0 0.01
St 1,88 0.01
52 0.13 0.85
53 0.66 0.01
54 5.3 001
55 3.5 0.01
56 8.0 14.0

60 0.6 0.01
61 0.6 0.0001
62 0.6 0,o1

90 6.6 5,9
91 2.14 11.5
92 9.5 6.0
93 6.3 6.0
94 20.0 2.12
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Table 4
Directivity Information for Table 2 Weapon Codes

%eapon
Code A B 0 30' 60" 90' 120" 150' 180' 210' 240' 270 300' 330' Avg.

I 83.78 13,91 17.80 13.91 10.02 6.46 2.97 0.53 0.0 0.53 2.97 6.46 10.02 13.91 10.84
2 7574 18.51 0.63 0.46 0.29 1.00 1.45 0.39 0.0 0.39 1.45 1.00 0.29 0.46 0.67
3 83.64 14.13 13.77 10.29 6,82 4.01 1.42 -0.64 0.0 -0.64 1.42 4.01 6.82 10.29 7.36
4 73.29 17 50 16.33 13.08 9.84 5.41 3.03 0.50 0.0 0.50 3.03 5.41 9.84 13.08 9.90
5 72.08 18.11 -1.88 -1.71 -1.53 -0.49 0.94 -0.52 0.0 -0.52 0.94 -0.49 -1.53 -1.71 -0.60
6 80.86 15.59 14.93 12.55 10.18 6.87 3.20 1.56 0.0 1.56 3.20 6.87 10.18 12.55 9.45
7 76.99 15.87 16.33 13.08 9.84 5.41 3.03 0.50 0.0 0.50 3.03 5.41 9.84 13.08 9.90
8 7208 18.11 -1.88 -1.71 -1.53 -0.49 0.94 -0.52 0.0 -0,52 0.94 -0.49 -1.53 -1.71 -0.60

10
I1

20 95.00 20.00 8.29 6.39 4.48 5.75 2.20 2.88 0.0 2.88 2.20 5.75 4.48 6.39 4.86
22 90.27 19.57 8.29 6.39 4.48 5.75 2.20 2.88 0.0 2.88 2.20 5.75 4.48 6.39 4.86
23 85.17 18.85 8.45 6.61 4.78 5.17 1.89 1.58 0.0 1.58 1.89 5.17 4.78 6.61 4.74

30 106.00 0.0 2.28 -0.87 -4.02 -4.77 -2.40 -0.07 0.0 -0.07 -2.40 -4.77 -4.02 -0.87 -1.29
31 107.10 0.0 -9.51 -9.75 -9,98 -7.18 -3.7 -0.49 0.0 -0.49 -3.17 -7.18 -9.98 -9.75 -4.11
32 111.80 0.0 2.28 -0.87 -4.02 -4.77 -2.40 -0.07 0.0 -0.07 -2.40 -4.77 -4.02 -0.87 -1.29

40 90.00 15.00 13.77 10.29 6.82 4.01 1.42 -0.64 0.0 -0.64 1.42 4.01 6.82 10.29 7.36
41 85.00 15.00 13.77 10.29 6.82 4.01 1.42 -0.64 0.0 -0.64 1.42 4.01 6.82 10.29 7.36
42 85.00 15.00 13.77 10.29 6.82 4.01 1.42 -0.64 0.0 -0.64 1.42 4.01 6.82 10.29 7.36
43 85.00 15.00 13.77 10.29 6.82 4.01 1.42 -0.64 0.0 -0.64 1.42 4.01 6.82 10.29 7.36

50 88.75 13.85
51 88.75 13.85
52 88.75 13.85
53 88.75 13.85
54 88.75 1385
55 88 75 1385
56 88 75 13 85

60 85 1;00 11

61 65 III) 1)

62 65 IIr (Il

90 11140 01 15 35 1404 12 73 761 4.81 1'119 (.1) 1.09 4.81 7.61 12.73 14.04 10.78
')I 115 80 0 15 35 140(4 12 71 7.61 4.81 109 0.0 1.09 4.81 7.61 12.73 14.04 10.78
92 11580 Oo 7 56 7 18 7 19 2 73 1 05 -o.39 0.0 -039 1.05 2.73 7.19 7.38 4.80
93 115 80 0 0 7 56 7 38 7 19 2 73 1.05 -0.39 0.0 -0.39 1.05 2.73 7.19 7.38 4.80
94 60 91 1449 1 3 77 10 29 6 82 401 I 42 -164 0O -0.64 1.42 4.01 6.82 10.29 7.36
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Table 5
Input Data Format Description -Gun-Type Cards

Card
ID Columns Format Description Comments/Defaults

GUN-I 2-3 A2 Weapon code 2-digit number giving the code for
a specific weapon name

4-10 F7.0 Projectile weight In TNT equivalent pounds of
explosive

11-17 F7.0 Propellant weight (zone 1) In TNT equivalent pounds of
explosive

18-24 F7.0 Propellant weight (zone 2) 10 charge zones allowed
(values as specified in Table 4)

25-31 F7.0 Propellant weight (zone 3)
32-38 17.0 Propellant weight (zone 4)
39-45 F7.0 Propellant weight (zone 5)
46-52 F7.0 Propellant weight (zone 6)
53-59 1:7.0 Propellant weight (zone 7)
60-66 F7.0 Propellant weight (zone 8)
67-73 F7.0 Propellant weight (zone 9)
74-80 F7.0 Propellant weight (zone 10)

GUN-2 4-23 2A10 Name of weapon

GUN-3 I A l "' to flag end of gun-type
cards

4-9 F6.2 Parameter A
10-14 F5.2 Parameter B
15-19 F5.2 Decibel difference from rear of Values as specified in Table 4

gun at 0' (00 is front of gun)
20-24 F5.2 30' decibel difference Values as specified in Table 4
25-29 F5.2 60' decibel difference Values as specified in Table 4
30-34 F5.2 90" decibel difference Values as specified in Table 4
35-39 F5.2 120' decibel difference Values as specified in Table 4
40-44 F5.2 150" decibel difference Values as specified in Table 4

45-49 1:5.2 180' "0.0" Rear of gun
50-54 F5.2 210' decibel difference Values as specified in Table 4
55-59 :5.2 240' decibel difference Values as specified in Table 4
60-64 F5.2 270' decibel difference Values as specified in Table 4
65-69 15.2 300' decibel difference Values as specified in Table 4
70-74 F5.2 330' decibel difference Values as specified in Table 4
75-79 F5.2 Average difference from Values as specified in Table 4

rear of gun

Table 6
Input Data Format Description-Target Cards

Cud
ID Columns Format Description Comments/Defaults

One TRG-I Card Per Target Point*

TRG-I I Al "*" if last target card
3-5 A3 1-3 character target ID
7-12 F6.0 Location, x-coordinate

13-18 1-6.0 Location, y-coordinate
19-24 F6.0 Ground correction factor (dB) 1.5 dB

*Maximum 50 targets.
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Table 7
Input Data Format l)escription Firing Point Cards

Card
ID Columns Format Description Comments/Defaults

One FP. 1 card and associated FP-2 cards per firing point

F1P-I 3-5 A3 Firing point ID
7-12 F6.0 Location, x-coordinate

13-18 F6.0 Location, y-coordinate
19-24 F6.0 Ground correction factor dl0 1.5 dB

IP-2 1 Al -- if last definition card for
a particular firing point

19-20 A2 Gun type (code) See Iables 3 and 4
21-24 F4.0 Number of day firings 0A

25-28 14.0 Number of night firings 0.0
29-30 12 Min charge zone See Tables 3 and 4
31-32 12 Max charge zone See Tables 3 and 4
33-35 A3 Corresponding target ID Must be blank if firing point sound

is omnidirectional (i.e., demolition
or explosion)

36 I1 "1 no noise at target If target is blank, this must be set
to "I"

37-41 1:5.0 teight, in feet (if applicable) "-" below ground
+" above ground

Table 8

BASE Input Summary

CARD INPUT:

Card Variable
ID Columns Name Format Description Comments/Defaults

NIT-I 1-6 IMETER AI Distance Units "METRS"/"FlT'"

..... .CALLS TO OTlIFR MODULES ....

BASf-I 1-4 HDR AI0 "BASI"

BASI.-2 CAR) RIPE ATElD AS NI (ISSARY TO D[ISCRIBI BASF O)UTLINE

BASI-2 1-10 X(OORD I 10.0 ( oordinates of pint in set describing one
line segmttent

11-20 Y(OORD 1 10.0
21 STAR A I "" indicates end ot continuous line.

tollowing point starts new line

BASt -3+  21 STAR A I "*" indicates end of data for "BASt-"

PRI-VIOUS CALLS RIQUIR-D: BOUNDS

Ri QUIRED EILES. None

OUTPUT. Printed report
TAPE 2 PITS4 input to NASAPLOT, input to PiOT routine

+There must be one BASF-3 card It will have an "' in column 21.
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Table 9

BOUNDS Input Summary

CARD INPUI":

Card Variable
ID Columns Name Format Description Comments/Defaults

NEF-I 1-6 IMETER AIO Distance Units 'METERS"/"FEET"

....... CALLS TO OTHER MODULES ........

BDS-I 1-6 HDR A10 "BOUNDS"

BDS-2 1-10 XMIN F10.0 Minimum X coordinate Boundary values used by PUDDL"
11-20 YMIN 1-10.0 Minimum Y coordinate GRID, PLOT, SCATTER and

BDS-3 1-10 XMAX F10.0 Maximum X coordinate LOCATOR must be set before calls
11-20 YMAX F1O.0 Maximum Y coordinate to these routines.

PREVIOUS CALLS RQUIRED: None

REQUIRED FILES: None

OUTPUT: Printed report

Table 10

FORMA Input Summary

CARD INPUT:

Card Variable
ID Columns Name Format Description Comments/Defaults

NEF-I 1-6 IMI.TFrR A10 Distance Units"METERS"/"FEET"

...... CALLS TO OTIIFR MODIS .......

FRMA-I 1-6 HDR A10 "FORMA"

FRMA-2 1-4 IFUNC A10 Charge averaging technique ("MAX"/ "MAX" -- Use maximum charge zone
"IAVF"/"CAVE") "IAVE" - Use average of charge zones

"CAVE" - Use average of actual TNT
equivalents

11-20 GHCORR [10.0 Ground correction Default = 1.5 dB
21 NOWIND 11 When nonzero, prevents rewinding TAPE7 Default is rewind

FRMA-3 1-10 DAYS FI 00 Number of days of information in data base Default = I Day

PREVIOUS CALLS REQUIRED: None

REQUIRED FILES. TAPF7 data base

OUTPUT Printed report
TAPE8 intermediate results
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Table I 1
LOCATOR Input Summary

CARD INPUT:

Card Variable
ID Columns Name Format Description Comments/Defaults

NI I-I 1-6 IMITIR AI Distance Units "Ml TFRS"/-FIFT'

....... CALLS 10 OTIll R MODULLS ....

I (1(- I-7 IIDR A\10 L(CA] OR

LOC-2 1-10 (tO1(1 AlI) AI L". "I ARGI', or ":IRINI G Type of points to be marked on plot
. :-20 NAMI AI0 "NAMI prints ID on plot
21-30 LOC(AT! A10 "LOCAON" pritits coordinates
31-40 SIZI I 1 0.0 Sle of letters Default 0.14: best results are obtained

if multiple of 0.035
41-50 AN;LI F10.0 Rotation ot letters Default = 0

PRI VIOUS CALLS Rl QUIRItD: BOUNDS

RI QUIRID IILLvS: IAPI 7 data base

OUTPUT Printed report
TAPI

5
3 PIIS3 input to NASAPIOT. inp, to PILOr routine.

Table 12

MAP Input Summary

CARD INPUT:

Card Variable
ID Columns Name Format Description Comments/Defaults

N I 1- I-6 IMITI R Al0 Distance I nits -MI-TI.RS"III T'"

CALLS TO OTFIIR fODIl-S ....

MAP-I 1- , 
IiI)R Ai 0 IAI'

MAI' I II I A , I I Prim lii .i -base intloiilliii il s i

I I I I I P , i I, t e I w i ii v i l l I d l e it 0 Ii)
11Il . 1I 1 V ,h ll I il r vn .... Il l., if1 1

4 1(,1 It 11 l 11ii oll, Ilt vs lm ve l h (if Iii

s I, It i'tint Wi tlli svpe vs tihing p int Id,hle (if .- III

6 101 II Ito not prinl 'I xtranetilq Data" imessage
it t 0t

MAP-3 1-10 DAYS I I.0 Number of days of information in data base

MAP-4* 1-2 N 12 Number of grid sizes to be tested Card should be repeated N times

MAP-5 1-10 (;RDS/ 110.0 Grid size as specified by MAP-4

PR!VIOUS CALLS R.QUIRI.D. None

RIQUIRD I. ILLS TAPI 7 data base

OUTPUT Printed report

* lbere must be one MAP4 card and at least one MAP-5 card.
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Table 13
[PLOT Input Summuary

CARl) INKI r:

Card Variahle
ID) Columns Name I orniat D~escription (ommuents, Defaults

NFF-I 1-6 1%1[ R A 11 it n I to-l ri 'ITRs ...iE IF

C AILs rof3 O lHR MODM I .I .

P~Ll 1-4 IMi \1li PLO1"I

PLT-2 I II10*, II "I" it PI DOLl (;RID output I
( I PI 1) to be used

l- O I I I' it I )(AI OR output iTAPI 3
1be used

Yi MX II 1 I it-s(*\TIr R output I API 4,(
,,, be used

4 BAs I lI it HAS! output (TAPf 2) to he used 0

PLI-3 1 -7 Si ALL I , 0 Suale 5000 Ifl1000~ 99999)

6-1) \M ; 14)0 Magnitaini I (:(0.01 < 9 M))
2o-23 PI1, \1 1M 4.0 11 %niol t ing (0.333 (0(1 x < 90)
24-26 5] AR I I I I irst cintour level to he phoed 5 5 (1 o' 999)
27- 19 STOP I I last , un tour level to be plotted 7S (1 999)
30-12 -S IA RI 13 1 irst contour level ti be labeled 55 HI X 4999)

33-35 -STFOP I1I Last contour level to he libeled 75 (1 < x < 999)
36-3 7 LAW)il 1 I1 Label I("I" La Lbls I" - No Uh els)
38-39 IN( 12 Contour increment 50 4 99)
40-41 LINC I? Label increment 5 (0 Q 99)

Repeat PLT-4 and PLT-5 cards as mnuch as needed

PLT-4 1-10 X 1: 0.0 X-coor flnate starting location ol test
1-20 Y' I 1) (0 Y-coordmnate starting location of text

21-30 I1-1 1 10H it ight
31-40 A-N G I.I 1 10,0 Angle0
41 1 11 1-plotter coordinates (inchtes) I -MAP D~efault - 0

oordinates
42-79 1 .XT)O 18AI Test (terminated by S)

i I 138)
80 STAR Al I ' indicates Ixt text card

PITS I-lu 1FT1I I 10.)0 Heightt (if different fromn preceding),
11-79 IF XIM( 69A i rest continued (terminated hy S) Additional test for laheling
s0 ST.- R X I" if last card

PLT -6 h0 STAR I if last card, follows PL 1-3 if PLT-4 and This card must he included
P1.1F-5 are not included

PRVVIOU S ( AII.S RI~t 01 I) B)! NDS. Pt'DILI G;RID. BASE, LOCATOR, SCATTE.R (if they are used)

RI-QUIRI D [ ILI I ',PI I. TAP! 2. EAPI 1. 1 %PI 4 (i thev, are used)

OUTPUT Printed rept
rAPE5 S N ASAPLOr inu tile
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Table 14
POINT Input Summary

C'ARD INPUT:

Card Variable
II) Columns Name Format Description Comments/Defaults

NI i-I 1-6 IM I R AIm I),itnce I nits "MIKTI RS" 11 1 4

(AILS 1)O)1111 MOI)1[IS

PNI-1 1-I) IIIR A1 "POIN 1

1\ 1 2 1-11) RI\ I I IWit Inser,orin tatotr I St.RI A(I
11-20 RIN\2 I 1I( In/eitSn 13ator 2 1-500 mn
21-30 RIN\V I 1 10M Inversion Iic'tor 3 1-3001) i
1-41 i110F1 A10 "DAY", di noise only "NI(Il'" night

on3 111. botlh

PN F-3 is to be repeated is much as needed

PN I I I\LAI, A1 .1- tndwate last PNT-3 card
2-11) Name \9) Narne Wlocttion X. N

11-20 \ I II 0 X-coordinites
21-30 N I 10,0 N-coordinates

PRI VI S (ALLS RI Q1lIRI 1) BO NIS

RI 01 IRI 1) 1 ILLS lAPI 8 intermedi-e results rom I ORNIA

(31 lPt T. Printed report

Table 15
PUDDLE GRID Input Summary

CARD INPUT:

Card Variable
ID Columns Name Format Description Comments, Defaults

NII I- 1-6 1I11 I R \10 I)itance I'nit, -MI II RS- "'IIIT

AI [S 10 (JIII.R MOI II S

P( R I)- I 1-1l IMD A I ( "PIAIlI GRID-

P( RD-2 1-10 RINVI I Inn Inverslun tactur I SURI A(I
11-20 RINV2 1101) Inversion factor 2 1-500 in
21-30 RINV3 I 10.0 Inversion factur 3 1-3000 m

31-4i0 GRDSZ 1 10.0 Grid s te in meters or feet
41-50 IBOTII A10 -[AY." day noise only."NI(II., night

only, "BOTII," both
51-40 GR1)NAMI. A10 Name tube asigned to 'IAPIl PUDDI.I

(,RID

PRI VlOtiS ('AL LS R1I O.IRI..D BOUNDS

RI )I'IRI.I) 1- 11- S TAPI.8 intermediate results trom I ORMA

OUTPUT Printed report
IAP|n I P1IS2 input to NASAPI 0I to be processed by PI.OI routine
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[able 16
SCATTER Input Summary

CAR[D INPUT:

Card Variable

ID Columns Namne I ornal D~esciption (omuments!Defaults

NI 1 1 -_6 lIl III -k I (\Ii Dwtlo ie I nits l MI lI Rls Il I I

Al L-S II) ( Il R11 %Ui \tI I S

1i 1I I I) 111t \ S I I I R

I I I Yi Mi 11 Kt m*tilwi -Ilered to I

I i M X A]I I R iitl,rrIiati''l .. ,lle led for

14 11, N - 1 11t ly and ntighit data.
.h 'niv night onls . respe, tively
_. i nly %pekilted gun ty pes (front

duimn, S-trIOl
-6 I It( 1N I I X It ( ;' Vele, ted. thewe are the specified There should be no blank fields Inter-

eoun Isv pes spersed among IDs as scanning stops

at First blank field encountered

9-li) 11lx;l \0) -\2

Is1 -t~ 70 1M(1 I HIi 11 lMultiplier S( AFVI R points wvill Il-

mulliplied by the factor before dividing
byv daiy,

71 -80t SI I 1 10.0 S ijndjid devtation tincters/feetl 1 300,)

sI I Ii I )ANS 1 1lijil NumbrIti daysit datai baseI

IM ". IM1 S ( N.51 I S I l I RI Ii1) B NIP,

01l INP I trInted oult I

l-\11 4 PI154 Input to, N-SNAI Ml input to P'LO I routinie

Table 17
STOP Input Summary

L ARD INPI, :

Card Variable
ID Columns Name lurrintia Description Comnment~s/Defaults

%Il- I1-A Il H AI Ijistince Units MIII HS/I llT-

Sill-] 1-4 111tHA I (Ii *SI' -lises NASAI'lOT input tile

P1(1 VIM1 S (AlI IS HI (11 1I N~-II in ... itle, Inr given IrSI It S HI N

HI QIIHI 1) 11L- S None

o)1rm-lr Printed report

I \PI 55 input to N.-SAPI M)
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3 PRO(GRAM ANI) S1 BPRO(RAM IE(RIPTIONS

This chapter dl.sirih -,, ihc I ortran t lti nes used by the Blast :,oise Predictil n proigranl I h ko
trol program ()N I i described firsi. 0h14 wed h descriptions of the subroutines and fuinctln,, iin
alphabetical order I lowcharts are included for some of the routines. Table 19 istS 1h o mmn hlhtk,
used bs, lhc Blast Noise Predicton program

[he Blast Noise P'rediction program uses a number olt standard Fortran Functions as well as thc
(C) routines

l..N'I)l}Il meinor ,-lto-mu'or /ir l)

SI'(' NI) - I'. time

H)F1 - - end ot lile test

IXIT -- pro ram termination

DAIE - get date

TMI- -- trme oft da

(ilJN -- gt joh name

Any subprogram rclerences are noted in the "subprograms/routines called" entries in the olhlrg ,, -
tions.

Program ('DN I.

CDNL is the control program for the Blast Noise Prediction program. It calls the appropriate ,uh-
routines to perform the Function(s) requested by the user.

Input- "NEF-I" card, miodule instruction cards.

lunction/method (I)NI does program initialitation, establishes certain program-widc default
values, and sets the distance units (meters or feet) to be used for the execution according to the user,
tirst input card (NF:- ), This should he followed by the first module call card If this contains a ,ahd
module call -- MAP. FORMA. BASI., and sio on -- (IDNL branches to the c.orresponding calling
sequence, Following execution of the requested module, control returns to ('I)N[. which then
processes the next module call card.

Subprograms/rout ines called. BASE, BOUNDS, FORMA, LOCATR, MAP, P(iRI), PLOI.
POINT. SCATTR, STOPP CD('C routine FO .

Output printed report.

Error diagnostic "INVALID MOI)LFL[ NAME'". Read a module card and could not find it as ,,
acceptable module name. Program halts.

Flowchart Figure S.

Subroutine BASE
Input module instruction cards.
Function/methodi creates the outline of the installation or region the user is working with on the

PLOT output b> drawing line segments from (X,Y) coordinate to (XY) coordinate of the specilied
region The coordinates are read one at a time and checked for validity to ensure that they are within
the boundaries specified in the BOUJNI)S module. The first (X,Y) coordinate is read and temporarily
saved until the second (X,Y) coordinate is read and saved, at which time both coordinates are output to
the NASAPLOT file as a, pair of endpoints for a line segment. This pair of' endpoints is also listed in
the printed report to help the user verify that his input data are producing the intended output. The
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next (\, )t oordinaic is then read and sased., anld the second pair of endpoints is output to the N ASA-
Pl. OT file and the printed report I his continues as long ats the user requests it continuous line When
,I break occurs (indicated h i " in column 21 -- %cc Table 91, two new coordinates tirc read, and (he
pairing stdirts agin

'subprogranis/ routines called I irtran I unction SI( N. (I ( routines H )F . SECO NDI

( uiput I \[PI2? N ASAFIA ) I ,lPIIN4. line cards). printed reprt~r

I rrtlr diagnostics

I -*NI.\ I ( %R I ) N( T I IIIfN B( )JAI)AR I IS indicates an Xor Y coordinate ot at line
segment instruction in HASI extends beyo)nd the minimum iir maximum \.alues specified in HO I)DS

2 ' I RRO)R N( ) I(1) ( *ARl i* IN ( ( 21li
Y( 113 AH(R Ii I D" indicate,, thait the user f orgot to include at BAST -3 card with it -" in column 21

t( ndik ate thait the inputL~ IMi the H \SI module has heen LoMpleted

I -DI t I Wt 'NIA)i I RRORS No (),1 11) rPI-
-I API A S (R1 .\ Ill ) I tilt, RI N** ndiates' that at tpe I (,r 2 error has occurred The

B \SI module \&ill haie rio output that can1 be used hk the rest of the program

Subroutine 1101, N)S

Input m idule instruction Lards

I unction/method sets the limits of the s, stem in terms of map coordinates ("system" refers to
the total area encompassed for ('INI calculations arid for creation of- the P1 01- It is used to define
the ox erall area o)f interest I, tests for x alidl coordinate% and terminates execution if they are not found

Subprogram/ routines called CDC( routines FM )F SECOND)

Output printed report

F rror diagniistics

I -IN( (RRKC1 HOt NIARIFS*
*N0 B(t'NI)S SI-i indicates a mistake in specilsing the boundaries -the maximum \xalues are

less than the minimum ones

2 -IR RO R -- MISSIN(, INPI '1 ( ARI) JO)H \BO)RTFD- indicates that a t NDS card is
missing, the module has- not been supplied all of its data

Subroutine BDSF
This routine is used to set the BOt NIS It calls ) ortran routines ABS. IN I I here is no error

diagnostic

Subroutine (AI.(NR MXY)

(ALCNR calculates the ('INI \salue at a grid point AA XY It is used h the PtiRlI) routine
I-or theoretical background, see (FIRI1 1 R F. - 1 7 Pr'dt(ImK ( ommupnuti Recxponxi to HWavt 4voi and
Volume I I

Input I APF- X, tia (W t

I unction/ met hod the calculations proceed in the manner outlined in C'hapter S insolsing the
equations presented there rhe ( l)N[ %alue hats the name (NR in the program I he height and
weight factors are caktulated in It)RMA and f'ound as SI)HWFI from I AIX

Subprograms/ routines, called F ortran f unL tions AT (X I 10, SQRT. AI AN?. IFH\

I' I) N ~ ''* I, A. j''.. (. I~ .. ,'~ I I -Xi -i~4~I I i i r''



Output: ('I)N1. s.alue for point specified.

-rror diagnostics

I If both day and night cumulative noise sum 0, ('NR set to -99.0.

2 It ),Y) is closer than 100 m to a noise source, it is limited to 100 m.

3 If X,Y) is further away than 100 000 m, it is limited to 100 000 m.

Flowchart Figure 6

Subroutine (FOuR

(alculates the (-weighted noise level for an explosion in the air. Calls Fortran function
.(Li 10. There is no error diagnostic.

Subroutine FORMA

FORMA tabulates the target and firing point information from the data base (TAPE7) in the form
required by PUDDLU (#RID

Input module instruction cards. APE7 (data base)

I unctton/metho, the data base consists of an ID number and location for each target, and loca-
tion uoordtndtes for each firing point followed by the definition cards for all the noise sources at that
site rhese cards gixe (II the gun type, (2) number of day and night firings, (3) maximum and
minimum charge zones. (41 target 11) or an indication that the source is omnidirectional, (5) an indica-
tion of whether the noise is produced at the target, and (6) how high or low the explosion is at the tar-
get

i-or each data entrN, f-ORM\ calculates the sine (ANGSIN) and cosine (ANGCOSI of the noise
direction, using ,alue 09 0 to flag oninidirectional sources (including targets). It also calculates the
decibel charge correction factors for INT weight (DBWT) and height ()BIIT). The last two are com-
bined in arra% SI)IWII I torn this information, F)RMA compiles a table with an entry for each given
noise source. i e . each gien firing-potnt-target/height charge or target-charge combination (a target
also being a sourc:e o0 omnidirectional noise when hiti For each entry, FORMA accumulates the
number of da, and night irings with that charge from (firing pointt or toward (target point) that loca-
tion ( harge is expressed in equisalcnt weight of TNT derived from the gun type and maximum and
minimum charge .ones. using the axeraging techniques specified h) the user

The arrao (II,\R(F ontains the equixalent TNi weights, one column is allowed per gun typc
with rows corresponding to charge ,ones Depending on the technique specified, the charge figure used
n calculations ma, be the weight orresponding to the maximum charge zone tMAX), the weight
,orresponding to the i'.erage (f n,,i imutn and minimum zones rounded to the ne\t highest integer
(I.\VFt, or may he the eige t the tw4o weights corresponding to maximum and minimum charge
tines ( \ F- I

A header record of has| inhrnfatun (number of unique noise sources, number of days of data in
the data base. coordinates (it grid origin , is written to ' APLS, followed by the array's

XL(X = X coordinates of sources

YLO( = Y cordinates

SDBWH - weight and height correction factors

ANGSIN sines of noise direction

AN(' S = {osines of noise direction
DAYNO = number of dao ing.,

DARKNO = number (f night tirlngs
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Subprograms/routines called RtAI)TB, (I-)UR Fortran lunctions ALOGI0, SQRT, ABS,
MAXO, lABS, AMINIL (')C routines tXIT, Si(C)NI), fOF.

)utput printed report, 1API X

Error diagnostics

I " WARNING (IN IS POINTING AI
SELF. LAATION " indicates that the tiring and target points have been defined to

be the same spot at the specified l-cation Not the proper way to code a demolition.

2 " ERROR.. ALL SOURCES ARE TARGETS
NUMBER OF SOURCS ('OUNTE) ARE " indicates that no firing points have been

specified. The user/programmer can have all firing points if all rounds are demolitions without targets.
but not the other way around. If there are no target point cards, a blank card with an " is still
required to indicate the end of the target data.

3 " ERROR... NUMBER O}F SOURCES WILL EXCEED SPACE
NUMBER OF SOURCES NOW IS __ indicates that too much data have been provided.

Current limit is 20"0 unique noise types.

4 " ERROR... UNDEFINED TARGET I) FOR FIRING PT "indicates that a firing
point is shown to have a target point which has not been defined in the target-point definition cards
Of ten caused by typing error or table overflow.

5 " ERROR .. JNI)EFINED GUN It). FOR FIRING PT " indicates that a firing
point is shown to have a gun code which has not been defined in the gun-type cards. Could be caused
by a typing error

6 " ERROR FOE INCOUNTEREI) WHILE PROCESSING GUN TYPE TABLE
I)AIA" indicates that a "79q'. signaling end of input, has been found in the middle of the gun-type
cards

7 I-.RROR GUN TYPES EXCEI) TABLE LIMIT' indicates that too much data have
been input Current limit is 50

X ERROR BLANK [ARGET Ii), OMNI FLAG NOT SET FOR SOURCE AT FIR-
IN(i POINT .. indicates that the demolition flag for a firing point has not been set and that no tar-
get has been specified for it One of the preceding must be included.

Flowchart [ igure 7

Subroutine I()(ATR

Input module instru ton card's. AII7
I uncion/method labels target and firing points on the plot.

suhproigrams/routines called ()( routines ()I:, SECOND.

)utput prir'ed report, 1 API. I 11.S3 text cards)

I rror dhagno st

"PRIFMAT RI O)I ()N I)\ IA HASI. 1I1 I
I API 3 NOT ( Ri ,\ [I ) indicates that i "789" has been encountered in the wrong place

Subroutine MAP
[his routinc is .i Lheker for the data hase

Input module instrui.lion aRds,. I PI ' (data hasel

I ur lion/mehod

I Read,, and ptionilll prints target card images Irom 1 AP". checking for maximum and
X;niunhil . iinai. %JILIue



RCid And 01"1i0i.iIlh prints tiring point IiWatl(Ii and definition card images, corvinuin
sc,rcIh lit mla inluln aind iniifill-1ul cIirdinate xaluW , S and chcliking that target II)s aic valid (i c . pre-
s iously countered if) "ns) N Ihioc)

u htld, tois -rclcichLc lit " ,ind prints, hasic statistics.

4 It ueiN Inputs 11i1 1 i i'sites. calculteS si in grld units
Suhpngrams/routinC , tled 11 r X R I ortran funct'ion. , 1. N [ N(), (I )( routines FOI.

N1 -(IINl). SIHI.-I

()utput pinted ipir N,, \.I \P "ill print i series (& stars C..I if i numhet exceeds MJt
Ipu formal. hill is s,,nhin l he m Ii )l Il I c I he input formal

Lrroi dragn ,lit .

i I RR(iR I l I N( I'NI IRI I) i1ll I RIAI)INO I kR6I-,I (ARI)S" indicates that a
'a' i . ignaihn end Iii1uLIt da,i, has been found in the middle of the target-point cards.

2 "'RIRR(R -Yil'R([ L)FI INII(IN ARI)S ENI)S IMPROPFKL't 'WITI"I A F()-F
indicaties that a -'Y \,.9,, cilcn ,un cie d at the end of a1 set of definition cards instea'] of a star (*) to
indicfate the Iist (d sus 1u i LIlid

[R R()R--t NI)-I INI 1) IARG I I)" indicates that a target-point name entered on a
tiring-point card had ni cquii.lelnl dclining data in the target cards.

4 IRRIR -J1 N I 't PI5 I\(FI1) IAWLI IIMII IN MAP( ONLY FIRST.\ JIPLS ISFI)
FOR S('BSIQI'NI ( ROSS-( IIF(KIN( " indicates that not enough space is allowed for all cross,-
reference checking and tht there are iii many gul-type cards

5 "RROR-- NI)I INFI) ( N II)" indicates that a gun code entered on a firing-point card
had no equisalent detining data arniog the gun-type cards. Often caused by typing errors or table
o\ erflow

) 'I RROR--B1 \NK TAR(F I II), 1111 IN(I NOT SFr FIRIN( P! " indicates that
the demililtion flag for t tiring lpint has it been , , knod hat no target has been specified for it. One
of the prCCding must be ,n LIuIdCd

I AIRROR"--I ()I I NO M( NIRI I) Wit F RFAI)ING GLIN IYP- I)L:INITION
C '%R[1)5" indi cat h,t in LrirAa,, cn)iuntircd wh bile reading the gun-type card,, instead of at the end
Ilf the dala set

8 "I.R R)R--Ni I 1)II IVI ( 1 \R(ii .i 1R (it'N [YPI: ," indicates that a gun with code A

has been delined with All t/cn or ncgli\e harge si/es Improper definition.
I) A. R RI )R-- . (I ( If \R(i.S t-N( ()INIFRt[D" indicates that x number of negatis e

sharge si/es were fiiund ,ini ing the gun-t, pe cards

10 'W,\RNIN( -- \ (II \R(i[S I \R(iIR I I\N [.B" indicates that x number of charge
,ies %ere greater thin a gi cn si/e ( urrentlk the message is for 5() lb (23 kg)

II I RROR--I)I P1 ( \ I 1I). FIRSI ((VRRI-N(F IS[1) :()R .ABLF" indicates that
the same firing point II) (Lcurs in two (or morei places in the input data Information from only the
first appearance is used h' M \P in the cross-reference tables In this case, a new II) (such as "J"i will
he generated and used in the is rccrence table for this firing point

12 'W \RNING--I \ I R \NII S I)AI\ Sl .ARTIN(I IN ('ARD )L. (' . (',CK A II
IIlH I S" indicates that Jlharacicrs l, i this definition card are found in columns where they are not sup-
posed to occur I hi,, error is s(i1cillies caused h an is erurned card iir ai missing FP] card. ihis
message can be suppresscd

13 "IRRiR Ill-l(Ill ( ()RRI (I I(N D.\71.\ (1I OF RAN(iF" indicates that the specified
height correction lasltir is ii, big ,-niletI tiles caused by ivping the height correction factor in the
wri rg column. LAUsIn i ,hill in the decinal point

14 "WRIN( ,--I)1 POINI II)I-NI('AI (OORI)INAT-S" indicates that the sante plint
has iccurred a sel md iinie in the input datai ( aused by diflerent II)s for the same coordinates
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I "I RRO)R-- IARCI 1IS1 I''1) lA'Al" 1 N'l!1 IN MAP, ON! N FIRS! I S!.) I bR
S~i, SFI'C I ('R( SS-(I ICKINC G' inidicate,, too) Mluch input ditta. only the first xis allowed itich
table

If, "lRROR--I-lRIN(iS D)A I A Ni:(jA FIVE O)R BO)THl/ IRO()ON IA1 ('ARD) ()R I lR V
Pt)!N I \" indicates t hat no rountds oir negative nu mber o f roundls have been speciflied for the inniwuin
tired per dtit and night for tiring point x. C aused by blanks in both the da% and niigh t columns on a
I P2 card, or entrs ofl at negative nlumber.

17 AFRROR--IN\'AIIl (II.\R(iI' No. NONPO0SIFI\'I ()R No (jitN I Ai[I F N INRY.
I+' (ARD) F()R FI RING III1 " x indicate,, that at gun Ior tiring point v hats heen improperl. detined

with at negato, e or zero charge size for the specified range, or that the charge range is wron g 1()r thc
specified gun t.ype

18 AWARNIN(;--I \R(II: 111:16iIIT IN 1)1± CA\RD FO)R F:IR!NC; P(INE \1' indicates that
he specitied height correctiiin factor is ver\ big I 'ser should cheek accuracy (of in put data.

11 ' FRROR-.I:IRIN(I PO)INIS LV\IH1) 1 AM 1: LIMIT IN MAPR ONLY FIRST A I SID0
I ( )R St BSi QtI INI ( 'R( SS-( Ili C(K! N( indicates that too much input data ire given. Current limnit
Is \

21) "W Av'RN I N( ,--DI)I H() PR \'I(WtST 1AI.I: ()VERFLOW, IIIF FOLLO)W! N( RO SS-
RI I-IRIN\([ F IAK F~ IS INC0NMPIF1 IF' indicates that ione set (if' detinition cards was toio big, wu
\I \P used iinl part of' it in making the gisen table

21. "F:RR()R --DCI ) 1 ('l ID. ('00RD)!N ATFS, DFF (ARDtS CHEC( KE H ()R FR RO RS,
litI O)FFIFRWIS: IGiN()RFY indicates that the same tiring point has been specified more than onceL.

NIAP~ ignores data for uses in cross- retecrence tables, but checks data lor validity.

22 "F:RROR--DI) PI('ATI' I[1). I)FFFTCiCORDINATFSN TREATE) AS SFIPARA 1T,
FNi'RY" indicates that the same tiring-point I11) is dfined with different coordinates, and is considered
ats two points A new& tiring point 11) (such ats "J-) hats been created and wAill be used in the cross-
ref'erence tables

23 "F:RRC'iR--NONP( SI TIVF ('FIA RGIl NOS. ENC1INTFRE FI FOR FIRING [IT. " indi-
cates that the speci ied charge ranges are negative.

24. "' FRROR--NONP0SITIVI. TARGiT ('IIARGIF IN TABLE FOR (WIN x;, D)1± CARD)
I ()R 1:1 R IN(. I NT -C indlicates that the projectile charge size tbor at gi'en gun .k specified t'or at tiring
pit _vis negatix e or zero

2 J "R R(R-- MISSI NCI ).AFA BASF. F:ILF: FXF('ITION ABORTEDY' indicates thata
I 'SIRS RU N progr,inl was created w&it bout an input data section being provided.

Subroutine PGRII)

T his rout inc out puts .1 rectangular printed grid of C 'lNLI vailues ats specitied by the user in
BOU.ND)S

Input module instructiiin cards, JAIPFX (read iii by R1I ADI)1N, I'A PF:2 (read in by R IADI))

Furic tion/niet hi (

I Reads from the module instruttion cards the grid wie, percent inversion alues. cimce of
dai% or night clculations, or sets the (let~aults ( )utputs the )salues read in and the limits of' the grid area.
as, sei bx BOU'ND)S

2 Superimposes, t grid on the specified area by dividing it into squares acco~rding to the ,/c
specitied by (IRII/F

3 C' AI( N R is called t iir each integral grid point within the specified area I be CDI ) I iue
,ire printed out in maitri x form and o)utput too 1 *\1 II 101r use by PI.()T

Subprograims! routines called RI' A 1)1N, C'A IC 'NR, K SFF1, RFlAI 1K I iirtran tunctiot011
VMO). MOD (I) DO) routines [O.0 ,K 'O(NDI



OI i II I lefd '.1 to I kS

INII('R \1 (1{I0 ) lit t NI is \1(l 1i)! 1I) kllt NW) " If I III 1 SI 1) IM I'Ri t I ( I* I III (IRI I
\NI) M(M OI INI ANNi Pl (Ii I 111 I/IN(, I lls' (PRID" indit-iis thit the grid so'c slwtIed fu III,
I INC does no mI diuide he hOll !dLs c\ uen\,h I~ ()D[ I (RI!) extendls the hounds. so vi id si/e "5ill uli,,id

esenlu1i (See P I c risI

2 '"~\RNIN(; (Rll) SI/I N I Mt1I II[P[I ( H indituatcs liii A possihic najp-
propritec grid SUe \A is Lh('SCI h\ IhL uISe

3 "***I RR( R--MISSIN( INP(IF 1 IRL.( TII JOH Ad)RiF1)' Indicates~ thai one of the
mo~dule cards is missing

Subroutine' PLOT

I his roulltne woiihin llt"11 it he outptim lorn othcr nlodle s into one tape for Use hi, NAS) \P~I.i )I

Input.1 nlodJule nstruFL11to Lids I AN I 1(fotri N1 DM I- (IRII), T\PF2 (from BAS! ), I \11 I

(from I (\M) , T \P1 4 tIrom S( A IlA'IR)

UFtl it loll/ mle t hod'i

I Reids v\ hi~h I01dI OJuteL oi pt) use Iroin) 'structil *n cards.

2 Reaids plot parameters t or use h\ N AS FLOT

Re-ids ipprqpimile Iles ind outpu)Lts atll to I AIPF-5 for use h NASAPIOT
S-,ubprograims (11iti Ile', tilledI I on ian functions A'1 AN. COS, S IN, SQRL CO)C routines I ()I

l)XTI. SI' ()NO,. 11\1I (;1[T]N

( uput prinited report ploit

Erlror diagnostics

I THE I (H) LIM 1WN(j I I ISP W 1R 1. RF IQ I J1:STLF.D B LIT NOT NV \II ABLI J( )11
ABO0RTED" indicatfes that output from BASL. SIC ATTER. LOCATOR, iir P1 'DI. I RI!) vais
requested in thc I'L( [10-1.1 moue Ait bouLt hau ing heen priiduced preioiusly by one of these modules

2 "\A\RNIN(i P111)1 DD IRII) ButNI)S DO1 NOT MATCH SPFCIIED BO)tN)S

IN(RIl \AL \[ S P LSF-I) SPE(I1:IF-1) HMINI)S

A 2
1 B12

( 2
) D)2

T his mecssagec mdl,,iies lhat ihe User speuied one set of hounds Ahile P1 1)11 I: (iRIl) usIl
sonme other \-ducs Iisuah%~ ies i t t,'l 'Ihe spec:itied grid si/c For example, it the x \alues ofI hounds
\A~ere 20,000 and 4 *Ii1iii ind d i < - vii si/e~ 2000t. thein ihe nev, hounds; ire 20000) and 44.000 sinc

he dilerence !ht'ee k l Iws 1w mulnpie of 200i0 T his error can also occur it P11)1!I
(IRIl) Aas sioed ,ri disk int -c o'ii runl again1

Subroutine POIN I

1 his '(ut)oe "'J )\ II s itiuui pinits as, specified. hN the module instrucrlirl
it is

Iinput MIt :; 11s1 . 'r s ifi ill th RI \I)INi. fapei Iread in h R1 M)'110

I aix twi/m' no I

I kc~id, ii] ! Iis'011 !ii fIlt. lllsiru0ill c:arus the percent inuersion \afues. Lhoice'L
if dai o r night 1,1V 'l



2Reads th1C cI01ordi,1ates 1a)I lame11s (d the desired poiints Reads each point as it calculates
the ('lNI. Mnd Output' 1t

Subprogramis/routines called ( I1 ( NR, RI \ )lN. R[AI TIt, ( I( routine,, SECO ND I). I

I-rror diagnostic ruitle

Subroutine REAI)IN

This routine reads the data on [AP[X8 into array s in (()MM( N for use by other modiules

Input1 I[

Subprograms/ routines cal led none

Erro r diagnostic nlone

Subroutine REAI)TI

Input I API 201

I Unctio n! nethod readls I API[ 20) (1 *I(IN tables, corrects it to neA in\ ersion f'actors.

Suhprl lgrains/rouftnes calledf Iort ran f'unction Al.6 CD )((r(toutine 1-01-

I riIr diagnostic noile

Subroutine SCA TR
In put modfule instruction Cards. I API:-/ (data base).

[unction! method this routine \wt11 write text cards out to tape so that the PH ()T routine can plot
them out as a scattergram. 'There \,%ill he oneflC ot l'or each noise source that Occurs per day for the (data
,hich are allmwed by' the specification cards. The dlots of' the scattergram will have a normal distrihu-
lion with a standlard dev iation equal to the distribution \alue (f'ound on specification card). The center
I the normal distribution will he at the target or firing point location. No) (lot-, will be allow4ed outside
If the lmi ts established b% the routine BO)1NDS)

SUb1-programis/rouIties called S(AFPI. Fo:(rt rail lunct(in SQRT. l:L( A-: CDC) routines 1.0l
1 1 ( ONI)

OutputM printed repoirt, FAP[:4

I rror diagnostics

I -*IRROR-l IAR(1l I I .'\lI. OXI:Ri 2I OWV lX[(JA'ION -\BORTIl indficates tio
muoch input data ( urrenit litmit is

2 -**1RROR-A RROR IN D)A I A BASl tIINIH2 1NFD IAR(jI7[ II)--, I-XK1VII()N
\IB )RI I D inidicates that ai arget point 11) is gi\cn with no hollowing defining inflormiation

I"***% \RNINJ-I.l IIIR lARGI IS OR [lRIN(I PTIS MUST BF1 RIIQUFYTH)F. [.Xl-
(1lON(tNINIS Willi IA Atl F - 0I1

4 -*IRROR-- 1 RI:%lA ItRI I ()N I AII 7, 1IXICI) [IO(N ABOIH(R 2)' indicates thatm a
-89 ,pcoilficmion is encolunteredl in the wxrong Spot

S iR OR(~. NOPT ION 1& I ItI) BUT No GUIN TYPFS SPEC'IFID I Xl[1
IH )N A Wi ) R II. I

Subroutine S(ATPI,

(jcnerates the s~acategran (fls

Subhprograim/routines Called ( DC( rolutine RA\ND

Output I AP[1.4
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Error diagnostic
I .... WARNIN(--(iE-.NRAT1II) S(ATTER POINT FOR LOCATION X, Y 011 OF

BOUNDS .AFTER N FRIES P1 I(iNORI." The computer could not generate a scatter point for
location X, Y without it going outside of the limits set b. BOINI)S. The point has not been plotted
A target or firing point ma, be too close to the limits set by BOIJNDS.

Subroutine STOPP
Stops the program
Subprograms/routines called none
Output Tape',5, printed report

Error diagnostic none

Program TAB(JEN
TkBGFN creates the tables of decibel ,alues at given distances which are used in the calculation

of ('I)NL by CALCNR The tables are stored on TAPE20 and listed in Table 20.

Program NASAPLOT"

This section presents the control cards involved in the NASAPLOT contour program used by the
Blast Noise Prediction program It describes some of' the aspects involved in the creation of the plot by
computer methods. The NASAPLOT contour program operates in four distinct phases which can occur
in or out of sequence. Program control can be initialized, transferred from one phase to another, and
terminated h means of certain control cards. A description of these cards and their formats follow

Joh Card

cc I
JOB Format (A4

The JOB card must precede all data cards of a oh It is the initialization card for each job

P11S1 Card

cc I
PHSI- Format (A41

The PITS1 card transfers control to Phase I of the program. Phase I introduces dimensions of the
plot size. requests for a new plot page, angles of skew and rotation, map size, scale and position of ori-
gin. map scale factor, and parallax parameters. Phase 1 control cards are as follows:

CSYS Card

cc 1 7 14 15 22
CSYS SK[W R(i6 ATE Format (A4,2X,2G 3)

% here

SKEW (col 7-14) is the rotation of the Y-axis in
degrees: default angle is 00
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Ro] AIE (col 15-22) is the rotation of the X-axis
in degrees, detault angle is

[he (SYS card allows the user to use and specify a skewed and/or rotated coordinate system for
the data control point. SKEW is the angle of skew, measured clockwise, and R(TATl is the angle of
rotation measured counterclockwise, as illustrated in Figure 8. The shaded area in Figure 8 corresponds
to ,alues of X between XMIN and XMAX, and values of Y between YMIN and YMAX The point
N.Y will be platted as plotter position (XP,YP).

where

XP = XOR + ((X - XMIN)/S(ALI + SIN(SKI.W) * (Y - YMIN)/
YSCAL)* (*()S(ROTATIF) - (('OS(SKtIEW) * (Y - YMIN)/

(tSUA.LH * SYNHROTATV)

N = YOR + ((X - XMIN)/XS(ALE + SIN(SKEW) (Y - YMIN/
YSCALE) SIN(ROTATE) - (COS(SKEW) * (Y - YMIN)/
YSCALF ('O)S(ROTATE)

PRI.X Card.

cc l 4 7 14 15 22 23 30
PRLX XPRt.X YPRIN- /R-F . . Format (A4.2X,3G8.3)

where

XPRLX (col 7-14) is the offset in X direction

NPRLX (col 15-22) is the offset in Y direction

ZR Ft (col 23-30) is the altitude to he used as the
reference plane, default value is 0 .

The PRI-X card allows the user to introduce angles of parallax. This feature can he used to pro-
duce pairs of contour diagrams of the same data for stereo viewing. A stereo pair is produced by using
the following procedure.

I Use the MAPS card and the PRLX card for the first stereo view

2. Plot the first view hv means of the PLOT card

3 If the two views are not to overlap, but are to be plotted side by side, use the MAPS card
again to move the second view to a different position on the plotter page

4 Use the PRLX card rr the second view

S (Ise the PL()T card to plot the second view.

M A PS Card

Format (A4,2X,(iX 3

cc I 7 IS 23 31 39 47 SS 0 3
MAPS XS(,l F YS(AII XMIN XMAX YMIN YMAX XOR YO R

% here

XSCAI.. (col 7-14) is the scale factor in the X direction:
detfault value is 1.0 units per inch of plot
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) 1 A I I col I S-2 2 is the scale factor in the Y direction,
default value is I 0 units per inch of plot

\MIN (l 2L-30) is the minimum X value to he plotted

W A\\ 1 I I - ;8I the tiia\illnlu \ value to he plotted

N %1IN IOI N)-40 the minimum NY value to he plotted

'\l 1\ Id 4- 4 th i \lrlnunl Y \-alue to he plotted

U R (,i - , 2) is the position on the plotter of the
\ origin. delault value is 0.0 in

N(OR 1w)l 01 -M is the position on the plotter of the
N origin. default value is 0.0

The MAPS card ,tllo\,,, the user to specify the map size, map scale factor, and map origin parame-
ters. The map \,ill he determined for values of X between XMIN and XMAX and values of Y between
YNIIN and YMAX I he user ma. select the position on the plotter, (XOR,YOR), to which the point
(XMIN,YMIN) will correspond

SCLE Card

cc 1

SCLI- PS( A L Format (A4,2X,G8.3)

where.

PSCALF (col 7-14t is the plotter scale factor,
default value is 1.0.

The SCLE card allows the user to specify a scale factor, PSCALE, by which the map scale is mul-
tiplied before plotting. This scale factor is often used (in addition to XSCALE and YSCALE) to pro-
duce intermediate smaller si/e versions of a map, for consideration before a final full-scale version is
attempted. The introduction of this scale factor does not change the position (XOR,YOR) on the
plotter to which the point (XMIN,YMIN) will correspond.

DINIT Card

ccL 1 7 15

7DIMT XTTAB-YIABL- Format (A4,2X,2G8.3)

where

XTABL- Icul 7-14) is the plot length in X direction in inches

Y I ABLE (col I -22) is the plot length in Y direction in inches.

The I)IMI card introduces plot size parameters, and can be used only once per job.

PA(;E ('ard

cc I

PAf Format (A4)

rhe PAGI card allows the user to split the map into matching sections and to plot each section on
a separate plotter page.
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P/II.S 2 0'ard

cc
PI I 2 lormat N4 1

The PIIS2 card transfers control to P~hase 2 of the program. Phase 2 accepts control poins and
computes the grid. Input unit, formal, order For control points ) he read, and grid mesh point nci -
ton %alues are introduced. Phase 2 control cards are as fo)llows

(C.NPT Card. Format (A4, 2X. 13. 412. 5 N\1Itt

[or control points being read from tape

ccl 7 10 12 14

('NP[ IPT IX IY I/

For control points being read from cards

ccl 7 10 12 14 16 18 67

('NPT IPT IX I IZ IL KFMI

where:

IPT (col 7-9) is the logical input device number
(right justified)

IX (col 101-I) is the position of X values; normally I
(right justified)

IY (col 12-13) is the position of Y values, normally 2
(right justified)

I/ (col 14-15) is the position of'/ values; normally 3
(right justified)

If- (col 16-17) is the position of the end file flag;
normally 4 (right justified); a value
greater than or equal to .0001 termi-
nates input

KIMT (col 18-67) is the format for the data to be read,
it must include the parentheses.

The (NPT card allows the user to specify the format and the order of the X. Y, and Z coordinates
of control points, as well is the input device used. NOTE: If control points are to be read from a
RE( IN tape, the data must be requested as TAPE9 on the tape request card. Input is terminated by an
FOF on TAPE9.

GRID Card.

cL 1 7 15 23

GRID NROWS M(')IiS N(GII F~ormat (A4,2X,218,131

where

NROWS (col 7-14) is the number of rows (maximum 99.

right justified)

43



.MC)I S (col 1 S-22)is t he iiun11hcr ot! columns (niimmUn '99
right Iustilied)

N(I I I co) 23-2s, 1 I the nlumber of neiglhboring point.,
to tise in determining the \alUes at
the grid points I maximui 1 0, right
ustified)

The GiRID L)ard causes a rectangular grid (parallelogranms, if the coordinates are skewed) to he
dlefined. NROWS and MC ()l S are specihied by the user -- there are NROWS times MC)LS grid cells.
and (NROWS + I ) times iM(1)1 S +- I I mesh points in the grid 'The grid mesh point values can he
determined f~rom control point input data. in which case N(.Il ((on the (GRID card) is used to specifY
the number of' nearest ontrol point neighbors to he used in calculating each grid mesh point value.

(;RDI Card

ccl I I 23
[~R)I K ROW K(C()I VA I Format (A4,2X.218X.GX.3)

w~here

KROW (co) 7- lWis the ro % requested (right justified)

K(' IL (col I - 22 is the cilumn requested (right justified)

VAL 1cii 23-3((iis the value toi be inserted.

The (IRDI) caruf is used ii0 insert Ji v;ilUe at a grid mesh point. The (iRD1) card must be used first
to define the grid (the value (if NVill is irrelevant in this CdiSe. and should be left blank), nd then the
GRDI cards ma% f'ollow NOTIL A combination of- computed and inserted values at the grid mesh
points is also allowed, in which case inserted values take precedence river computed values

CPST Card

ccl1 7 15 23 2S
CPST I1(LN IIN LM - ND)- IC Format (A4,2X,2(x 3 212i

where

I1(FN 1co) 1- 14) is the height of' the center mark

IINUM (col 15-22) is the height of the numbers,

ND) (col 23.24i is, the number oif digits (right justified)

IC (ciol 25-26 1I for center marks otil
Ifor center marks and' number-, (right justified)

'The CPST card allow's the User to cause control points, and altitudes toi he posted on the man~p
Either the center marks ( 4 i jra be posted alone, iir both the center marks and the values ma\ be
posted. The size oif the center marks, and the height of the numbers can both be selected by the user
NOTE The (PSI c~ard must lollii& the 6R II L-ard

(;PST Card

cCL 1 2 3 2 5
(JIPST 11(1 IN IINI M NI) W Format (AM.X,268 3,2121



where

It('IFN (col 7-14) is the height of (he center mnark

IJINtM (col 15-22D is the height of the numbers

NI) (col 23-24) is the nunmber (it digit, (right ustified)

I( (col 2S-26) (I fr the center marks only
I for center marks and numhers (right justified).

rhe (iPS] card allows the user to cause the grid mesh point values to he posted on thu map
Either the center marks ( + ma%, he posted alone, or hoth the center marks and the values ma. he
posted The sie of the center marks and the height of the numbers can both he selected hy the user
N()TE -he (iPST card must folIo, the (iRII) card.

PI/1.; (ard

cc I

PI113 Format (A4)

l1he PIIS3 card transfers control to Phase 3 of the program. Phase 3 plots contour lines and per-
fiorms masking Phase 3 con)rol cards are as follows

MASK Card

".C 1 7

MASK NPTS Format (A4.2X.IX)

w here

NPTS (col 7-14) is the number of points used to define
the mask boundary.

I he NI\SK card. used in conjunction with the MSKB card, allows the user to mask out areas
within the rectangular boundary of the plot where contours are not to be plotted. This feature can he
used to blank out portimns of the map where the data are inaccurate or incomplete or to save certain
areas for later contouring with different data. The boundary can define several independent regions.
w ith or w ithout holes. by choosing a boundary path appropriately. The boundary path can consist of
line segments alone which the boundary path traverses in both directions. Figure 9 is an example of a
houndar defining t o independent regions, one of which contains a hole. The contours will be plotted
in the area defined h% grid cells whose centers are within the masking houndary (Figure 10). The
%M \SK Lard specilies the number of boundary points contained h the MSK H cards

MSKB Card lortmat (\4,2 \,S( , X I)

cc I 7 15 23 31 39 47 55 63

.K-- ,,Th YVAL(I H X/AL('2- Y--,AL-2- ,A[.- -AL(- -XVAL(4 -"YAL(4

w here

XVAL are the X coordinates of the masked area.

YVAI. are the Y coordinates of the masked area.

The MSKH cards specify the coordinates of the boundary points. lhe boundary points must he
introduced sequentially, such that the boundary is defined hy the line starting from the first point and
passing through each successive houndary , poin. and ending with a line between the last boundary point
and the first [he boundary will thus form a closed curve within which contours will he plotted.
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PLOT Card. Format (A4,2X,2(i7.),2(6.(t.IS.14,312.SG14 3,11 ,(4.31

cc I 7 14 21 27 33 38 42 44 46
PLOT Z M IN N I MN IV! DIL N NL 1VS KLiEV L I L? 1)

48 52 S6 601 64 68 69
1)ISI. IIGIL I F)5 ILNG TLR I -SKIP

where:

IMIN (col 7-13) is the minimum contour level
req uestedl

IL NIIN (col 14-201) is the minimium contour level
to he Liheled

D)/ Icol 21-261 is i Ih, incternent to) he used
1l)r plotting contouir le\ els

DOIL (coli 27-32) is the increment to he used
for plotting labeled contour
lines

NLFVS (col 33-371 is the number of' contour levels
to he plotted (right iustilied)

KI.FV (col Th-41 iIs the numher of' contour levels
to he skipped bef'ore plotting a
line of- type L2 (right justifiedf)
KLFV- I levels are skipped

LI (ciil 42-43) is the line form-at f'or every contour
line iither than the KLF'V' contour
line, values and line f'ormat are
as fol1lows ( right j ustified).

: I =a solid light line
± 2 = ai solid light line with tick

marks on one side
- 3 =a solid light line with tick

marks across the line

-4 = a solid hold line
S5= a solid hold line with tick

marks on one side
+ 6 = a solid bold line with tick

marks across the line
+ 7 -- a dlashed line

Positive v.alues include a label,
negative Values dii not

12 (col 44-4S I is the lin hirmat tor the KLFW
contour line, values and line
Iinim~s are the same as f'or 1.1
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II) (ioi 46-4'1 Is the" n unhfe. of ligils ,1t'r (the'
1111.111 111~n tn he, lahcl iI

II) I 1he u0lnL11, I111l will

he III I IlL ,tLICI ,lk' I ILI tllf C

DI)1 I L I Itfl ,- N I i s tn I Il II I I. h tit l II Ii IrkI , (Ihtz

A k 1 t 'D L ii fll t iill ( I hu ' i'i l t51 L i

l I' 2 " ,l i I. e Till , ' It I I Iit u. I i. t Il i' .

()l',l~ ~ ~~Itl Iu,, "(-I 11)i Ow h hn~t tN Ih' h'v',1

,llshCSn I I dilh d llnI ,, I h 'lw, Cell

11, k [I d I k, t ,) 1111(', 'A11ILh llk Ill,itk",

II *s(, i ut oili Oi ) I", thu' eillglh IIII Ink tic's III iLk Illirks,,
if I I \( , i psiti c. the tick niarks
%II hc ,It ilie uphill side i i h line.
iti I I tiegati S ei h Ih ik nt tks Ill
he il I the do. [1nhill -.Ide

II R I -1 - I " the le lariti tl (11istiu Lin inichesi

usdl In sIiighi line (ii oII.uli irk
sillwiting, line third gril SM recoimmended

I I )l 6Xi ii Iii nlo I s1ll ) hing.
I liiw straiight line smoothing,
2liil clullar itc sm(iiothin g

SKII) ii, h-W-2i is the i ilerance for skipping where
Liloilur lines are sio close as to he
in istrIngLuishahle., a p siti e ,alue
liir SKIP 'ill cause light line or
ditShd lines to he skipped if the
distance' htcween them is not greater
than the SKIP value (in inchesl

1 he PI )1 card dehines, the tI of Lontlir line ill he plotted, as well as the levels (altitudes) iir
which it will he plotted A numnerical lahel can he plotted FIor those contour lines which are sutiicientll
long Fach SUcceSsusle contour line pited i ll he at lev\el /MIN + I times F)/. and each correspond-
ing numerical lahel ,ill he /I MIN + I time,, )/I . where I assumes integer salues Irom I to NI I\ -
I [.ine Oormats and the distance between Lishes. Ihir dashed lines, can he selected hs the user. and is
specitied hy h e P (I card Ihe distance hetween lick marks, the length oh the lick marks, and
whether they are on the uphill ir dhownhill tside of (ti line (for lines with tick marks l can he selected
hs the user, and are specified h the PI i card I he P( 0I card also permlits the user to request that
light contours he skipped wheneer the distance hetween them does not exceed a distance specified hv
the user This leature is uselul in imprl.sing the intelligihility of the map

Ihe PI ) card also allows t he user t I choose i smoothing option. A contour line originall, is
comp(osed ( i a sequence oh straight Fine segments. h will he plotted as such, unless the smoothing
option is used Smoothing will etlect either i rounding or cutting of the corner hetween successi.e
straight line segments Smoothing is aco mplished such that the deviation oh' the smoothed contour
line from the original contoiur ine is always less than or equal to a tolerance distance specified hy the
user on the P1I)[ card I ither of two types of smoothing can he specified hy the PLOT card: (I)
straight line smoothing, which etlects .i cutting it the corner hetween contour segments, or (2) circular
arc smoothing, which effects a rounding Mt the corner between contour segments. (in Figure 1 Ii a pair
oh contour segments. A and It. adtoin al pint P 1
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,I r mghi hl k i tfL , 41h i ~rw )l 1 I gipu I fteplakcs Itt m tH ' ! Ji P AW , i ,ttmg~hili si grnv' %l'.n ' l r I tol

Vum 'l I,, \ 1 1, ' pI-I I'.' .?I I , I Ih.I! PI .n P " ArW ,11.h a ii,1tnL C ( Irot1 P ( IS kil- r

rIltl'd L 111,111 1 Iii '11t i P 1Ii. I h rt l iit P II I} I' M V1 4 2 11 i n t it C LJAI, 1 hi it ' )l ir,InC A di, \
LJnl.L Slic. it'd h\ I lr t'j i ( r i'' iI1 I l': Ihan it e l, t I In C I hit p I \ ,MI I s thn it ( q alJ

-i. I hi I ,,I ItI I ig tll it
( * uIt I . I , ,Sil II q t IIlV I L' 111.1 1," lit I I I I I 11 I I h A I L u [Irit r k I' I nr k I I b h( ) .Ih I ,,I

p rrl ,  
II tIld I' rcpt.tI1k, Ik lic ir LIT I lk I I Iin) 1. -11 PI 1 1J F) 2 IN lItrn t tI ,ukh Ihl Kh I i i ,

tAI ILlk l P I tf111) 1 1 11L' Ilk I, I C 1 11, 1 h , I Ll L i.iI I h c Ih I IhL' fdn. A ) I C I,tok SI L % iL' lled h\ [Ihl user-' I urthc.r

InT' OIC t l,,i,~nk' lr,,tll P I", I I rlru-, hc Iles thin It kqLJAI t(, onc hall \ and the distan .c rlonl 1, ii

1) ILIS hC h r' I. [ L, h.i I , II igurtc I

1'11,4 ( ,i,

1I's4 1 irmat (.A4

he I't F ,4  .,rI It,' >.,/iiil ii. I~h~i, 4 (,1 ihc rmirg ,oill Ih,av 4 pJ)Ii, ,ItCili line. and teit

iIlt lh nip .ind kiti,,, ta hTikiclt (i1 the MAI) PhlASC 4 ontril kards ,mt as ,1114,h
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I It \1 ,I /\ \2 N2 12 IR
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\2.,N 2.12 t c the Liordnaics of the ending point

( )l se I u,,s plitcr coordinmites
= I use flap coordinates (right justified,

the IIN ,I ard i, used to draw a line on the contour map I i, needed only for parallax drawing

TlEX U (ard Format (A4.2X.5(8 3.12.2A1().A41

cl I S 2 3 31 39 47 49

ruxFI XI NI Il III I IIl I .\N(;L" -ic ITIx

where

X I.A I./ I tht ,ordoaies of the lirst character

(i ht text string

IliR IfI I (cl 11-3X is the height if the Lltaractcrs

AN(Il I- (col 31).40) is the angle hor tcxt string to
he. ph ltted

I( (,.ii 47 4S I (I iSk plo ter ciordinites
I use Unap coordinates (right

lUstitiedl

ITFX I (col 49-72) the charater text string
(left justified )

The I X I card is used to draw annotation on the contour map, orientation and character si/e tan
be selected by the user
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2 \i1c Il)h . mi gitil Imip has heen plttdie M'APS card is used to specif the area (d inter,2st
.ind the neA (\()R, '()Rk fcir plotiting the e~ipiodie( \ste\

I he S( I I Ill Is iiseii[( I' speii the lactor b\ A~hich the area %ill he esploded.

1 he PI ( II A 1 L i t1 11 1se ['1 p It t he C\ lolied d % ICe

11 d hirdLei 1 11' he ni as 0iii~nd the esplided ic\&, the BIMI) card is Used to do so

1 he' \ \sI \ I1 I l 110ff ii fl ' 'l an procss SC\eri hs in one computer run [he prograim
-'1tlI LINl LcL1 Ciiiiiii I' i Wiih Jrc Stac~ked. NA10h J MB) ca1rd at the heginning and 4n IN) card

t!e icoi t-n c11t~h )IhI \ ',I( WP "id is required it the end off the Ldeck (alter the last [ND) card). [h is
plgi.im hits hee .t'e'eoni sau h thit the: user cin tlket 'ins number iii rmampulitns and oibtain

JT1% flUmIhct ol upuicind pT1 wHfl lAihmi. sii~lc i4)b I he sterci. map spliting, and exploided \iecs
Lcplhiiiiliesc IeQ V.scrpIlt 1( ii himin irr thain inc put \&ithin a single ii)h T-he pogram 1c'eptfs

,is ciuniher to 'is mciii,. , mis ini -im NsquonLo: "oihim the ligical LinrstraintS described in the PRO -
('R \N1 ((\N I R( )I \Ri) 1itcci tIhis Lh!ipte[r ( 'finil Lan he itrnslerred loum iin \ phase 144 am\

thI,'' c ,Ii,1t1)k ic cir ~r it 1 Jld L''iiiiIi pi(nt1 pirartieters' can be marirpulited and pu1(tted as iman
r i cs s .5 t csi i Ain h ,miglc -
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The I)RMA and P[JI))Lt GRII) modules must be included to produce a contour. I )RNI,,\
must precede PUt)I)LI" GRID, since PUI)I)[I. GRID uses the output I'rom I"(RMA. A I:RMA-I
card is used to invoke the FORMA module. "MAX" is chosen as the parameter on the [RMA-2 card.
since the user would like to investigate the worst case of' his operations. The number of days (30) i,,

typed on the FRMA-3 card. PIJ)I)[i £ GRID may now he invoked with the PGRI)-I card. The closest
city (both geograpi-ically and meteorologically) to the installation "SIi()W" is Midland, TX. "he in\,ci
sion factors 65.8, 1,.5, and 27.9 are found in Table 19. These values are entered into coIlumns I
through 10. II throti gh 20, and 21 through 30 on card P(iRI)-2. The grid si/e chosen is 2 )00 n
(columns 31 through 40, card PGRI)-2). The SCATTER module, which is invoked with an S(I-I
card, generates a representation of the noise density by dra.ing dots in proportion to the number of
operations. All day aid night firing from both tiring and target points will be considered. -1 hus. "'I
A:." and "B" are type(I in columns I, 2, and 3, respectively, of" card SCT-2. A multiplier of "2" is used
to help represent the operations visually (columns 61 through 70, card S("I-2). The number of dats
(3) is typed on the SCI-3 card.

The L()CATOR module is invoked with LO('- I card. It uses "0" and "X" to mark the location,, ot
the tiring and target points, respectively, on the plot. In the example, the user wanted both types (4
points marked, so "ALL" was entered on card LOC-2.

The first PLOT invoked with the PLT-la card uses output from the PUI)I)LE (iRIl), LOCAI()R.
and BASt: modules. This is specified by the "I" placed in columns 1. 2. and 4 of card PLI- 2a. Ihe
user wanted the scale to be 1-50000, and contours to be drawn from 55 to 75 dB in 5-dB increments
Since those are the def'ault values for these specifications on the PLT-3a card, the columns can be left
blank. Columns 16 through 19 of card PLT-3a show that a 0.3 magnification will be used (this is done
for reproduction purposes). No labeling is to be done, so cards PLT-4 and PHi-5 are omitted. The
in column 80 of card PLT-6a indicates that the first plot is completed.

The second plot, invoked with the PLT-Ib card, uses output from the SCATTER and BASI
modules, and is specified by the "I" typed in columns 3 and 4 of card PLT-2b. The user wanted the
resultant drawing to be the same size as the first plot, so the specifications on the PLT-3b card were the
same as those used on the PLT-3a card. Again, there were no labels to be printed, so the PI..T-4 and
PLT-5 cards were omitted. The PLT-6b card signified that the second plot was completed.

The STOPP module, which is invoked with the STP-l card, indicates that the user has finished
providing instructions for that run. The USER'S RUN consists of the JCL, input data, and module
cards, respectively, separated by the "789" cards. A final card, which has a 6789 typed in the first
column, signifies the end of inl'ormation to the computer.

Output Received

The user received several pages of site-dependent information from the computer at the begin-
ning and end of his output. These pages, which may include local Automated Data Processing (AI)I'i
announcements and billing information, are not shown here, since this report is concerned only with
the Blast Noise Prediction program. The user's output is shown as Figure 18.

The first page of output (page A) tells the user the units of his coordinates. Note that
height/depth information is always in feet. This output was generated by the NEF- I card.

The next module is MAP. Since the user in the example requested that the data be listed, the.
were printed out on pages B, (', and I). The gun-type cards were listed on page B. The warning (not
necessarily an error) on page B was generated, since two of the charges were greater than 5(1 lb (2) kg.
In this example, it is not an error, since the user did %,ant 70 and 90 lh (28 and 36 kg) for charge /ones
9 and 10 of gun type 10. Page C lists the target points; page 1) lists the firing-point information and
gives the total number of errors and warnings found in the input data.

Page . summarizes 'he input data read, showing how mans gun-type, target, and firing point card,
were read It provides statistics on the number of total firings and the number ol firings per da, for
both day and night. ('Carge information about minimum Mid maximum charge zones and weight ate
also given rhe average weight of firings is given in pounds, and the maximum height and depth arc
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given in feet. "The maximum and minimum values for coordin,,tes reitd are given, along wilh the coor-
dinate pair in which each occurs. The final item on Page L is the number ol points resulting from the
grid size specilied in MAP.

Pages F, (i, II, and I are the cross-reercnce tables requested on thc MAP-2 card I lie first
cross-reference table (targets hy tiring points) provides the average number of rounds fired by d,,y for
each target and tiring point combination. The second table lists targets by gun type and proivides the
a',erage total weight exploding at each target lor each gun type The third table provides the same
inlormation as [he second table, but in a difTerent order -- gun types by targets The last table lists gun
types by tiring point, giving the average daily charge weight of each combination. Page I also lists the
amount of time that the computer spent on the MAP module.

Page J gives the information for the BOUNDS module, including the maximum and minimum
coordinates and the amount of time spent by the computer in this module.

The BASE module output on page K shows the start and end coordinates for the lines to he
drawn. It informs the user when a new figure is started and how much time the computer spent in this
module.

Page 1. lists the FOR MA module output. First, it informs the user which charge averaging tech-
nique was used Ii lists the number of days for the data base, as well as the number of unique noise
sources, including the number of unique explosion types, i.e., unique combinations of height/depth,
weight, location, and weapon types. All omnidirectional noise sources, i.e.. demolitions and projectile
explosions, are classilied as the same type for the above statistic. the average number of rounds tired
per day and night is given In MAP, the number of explosions was given, which is always greater than
or equal to the number Of rounds. I he amount of time spent in FORMA is the last piece of informa-
iion provided.

Page M -- the lirst page Of the PIJI)).E GRID output -- tells the user what the start and stop
coordinates used by this module ate. In this example, the limits had to be changed, since they were
not an integral multiple of the grid size chosen. The new units are listed, along with a warning specil'-
Ing that the, ' ere changed. The weather f'actors are listed, and PUDDLE (;RI) specifies that both da)
and night values are used in calculations. The grid size is also provided. A table of values is listed by
coordinates in increments of grid size. This table is pages N and 0. The amount of time spent in
PUI)DLE GRID is the last item printed.

Page P lists the SCATTER module's output, followed by the condition under which the scatter-
gran is produced. i e.. day/night/both target/tiring point/gun type. The limits of the scattergram are
gien next. The multiplier, standard deviation, and number of days are listed next, followed by a sum-
mary Of what will be plotted. which tells how many dots will be plotted for both the firing points and
target points. The amount of time spent in SCATTER is the last item printed

The LOCATOR module output provides the options requested first (page Q). i.e., target/tiring
points, name, location. Next, the size and angle of the characters to be plotted are given, followed b% a
listing of the targets and tiring points and the amount of time spent in this module.

Pages R and S give the PLOT output for plots I and 2, respectively. The first plot (page R) hiss
the file name used by the system and the date and time that the tile was produced. This inl'ormalion is
Also drawn on the plot itself. For this plot, contours were drawn with a base outline, and the tiring
point and target points were overlaid. A warning is given about the bounds since PUDDL) GRI)
modified them. Values used by PLOT for its various parameters are listed. The values having a are
equal to default values. If any text cards had been included, they would have been listed next (see
Iable 13, PLT-4 and PLT-5)

Finally, information concerning the physical plot is given, including the size, how many units (as
specified by the NFl-I card) I in. (25.4 mm) equals, and how many sections of plotter paper will he
needed. The last piece of information is the amount of time spent in that module

The second plot uses information from the BASE and SCATTER modules, and provides the same
type of information given in the first plot.
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The final page (page T) gives the STOPIP module's output, which states that the internally stored
information is ready to be plotted.

Figures 1l and 17 are the plots produced by this run.
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5 CA I.( L1 ,AI 10N ( ()NI,

(eneral

Noise trakels some distance from its point of origin (source) before dissipating. I herefore. to
accuratel, c aluate the noise produced at a point, it is necessary to determine the level (f soiund pro-
dLCed in the entire area surrounding its origin I he sie oft the area around a n)isc-producing source
%~hi.h must he e'aluited depends on the initial energy of the noise, i.e . ; low-elcrgy noise will Alett a
,maller area than ;i high -energ% noise

I he Blasl Noise Prctlion piogliI11 can ,. aluate the noise Ie\el oh sioind produce.d ill arn area
around it noisCe-source and uses the (I)N I m aure to quantif\ these noise level unit', I dcCihls I he
capabilmi tou quantitY noise pri d uced at a si urce is of particular value to Arm' plan ners \Nho must
evaluate and predict communit, respi unsc to the noise-producing activities of Arm.,, installatnins lo
create (')NL . alues, the Blast Noise Prediction program uses a series of cialculations which rely oi a
specific set (o formulas and tables these formu las incorporate data which must he provided h the
user therefore, raw nise-source data must he converted into a form suitable for submission to the
comlputer ()nce the raw data h',. been priiperly compiled, they can he turned over to the computer
for processing.

The formulas require several user-supplied specifications:
1. The number and times of rounds (blasts) occurring during the day and night .'A penalty of' Il)

dA is applied to night operations (2200 and 0700 hours).

2 The locations of' hoth the firing point and the target point.
3 Weather information for the region being surveyed.

In addition, the user must specify the boundary coordinates for his area of interest and tell !he
Blast Noise Prediction proigran into %hat si/e blocks he wants the area Io he broken up into for comnpu -
tational purposes [he program uses this information to divide the user's area into at grid of points, i e ,
t main s of X and Y coordinates, liich of these points is a given distance away I rrn the noise source
being evaluated since the calculations lor the noise level incorporate distance. I lie Blast Noise Predic-
ton program then calculates the noise lev.el of' each source at each given point. This calculation Is
repeated for each point. The values are stored and printed out by coordinates, and are used (at user
discretion) to producc. a reference table of the noise level at each given point. The user can also
request the program to generate a paper plot showing the contours of the noise levels in the area
around the source(s) being evaluated. The program creates these contours by joining points having the
same noise-lexcl \alues. (The user, however, must first tell the program which levels he wants plotted,
e g. 55 to 75 dB every 5 dB. The user can also request an outline of the installation or other relexant
region This additional inf'ormation un the plot can serve its a visual reference for the noise lev.els.)
I:inall, these contours are used to predict the noise impact of Army artillery, armor, and demolition
acti% ities

the information tables produced by the TABGiEN portion of the Blast Noise Prediction progran
provideit listing of decibel values for distances away from a blast produced by a 5-1h charge. (See Table
2)

1 he background in the information which table 20t provides rests on lheor lor sound propag,-
tin in the atmosphere " I he speed ofi sound is a functioi of' hioth wind and temperat Lre. as these coil-
ditins change with illitude, sound waxes are relracted or I'ocused.

I igures 19 through 22 illustrate Iour simple cases of this phenomenon I ) a nCgati.e sound
.ehilcit gradient. (2) a poisitive sound ,elocity gradient, (3) a positive sound \elocil gradient which
changes toi a more sharpl. pi siljc \elocily gradient, and (4) a negative gradient lulowved by a po siut\e
gradient at a higher altitude
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II UC , Si md IN rC ricieCd 1.pss tid, producing noise Ievels on the ground lower than those pro-
dULctiunder U niform ocloc:is ir ,'ero gradient conditions. For Case 2, sound rays are refracted down-
%kaidL and Ihc soiund inticnsit i in the grounrd is somewhat greater than that under uniform velocity gra-
dlient conditions, With onihr.~ins (it these gradients. sound rays can travel over different paths and
still arris C at in ohscr atio im pin simultaneously to produce it f'ocus. In Case 3, separate groups of'
snund ravs arc created h,. !\At [p(Sitie gradients -- the upper gradient is stronger than the lower. A
A.." K OCUS. l~iheled t s 1ri'rld 11 the points where both groups meet at the surface. In Case 4, sound

11 ktraicod l aparlli iire i rk ncgaiti s gradienit and downward in the upper positive gradient. The
!S in 11 MCe,C )1 !1, ' C ir et the sharp folcus in the region labeled F, and at reduction of noise

.ec~In inc( 11!ec o/-i1e1\)C I ind ihe blast site

I he pttwh.i hih1 oi' -,i ir ;ng gi Sen amplitudes at varioius distances is a key statistic required for
n. ,c-ip~tt ek '0 \ijytr! ode disiri hutIions ba\se been created based on CLRL blast data. Figure

shoAs I Nample ) L]-i!) , .l'strution Lach such distribution is Subdivided into four regions. The
enoerg\ aserages (it ih m ri'i;,'.l \isi ~thin each region are calculated and plotted as a f'unction of
&SITILC too prodlJe the *mipWio le ss distance curses (Figures 24 and 25). The percentage of' blasts
P rig in each !ange tOw he l1 iind r each distribution and then related to distance, and an expla-

r ndc sel ped In) relat, :t), 't,,! st ics t) ens i ronmental (e.g., atmospheric) conditions.

hc- ei,ofltps In r , 1,ighhestoi losts. are called FOCUS. BASE, NEGATIVE, and EXCESS
NEG lU \ I Ii, addltiwr t!e hles separtiong the regions are called MEAN to distinguish the arith-
mectic meanr from the linect .r ic tol ()I the region, which is labeled MAX, and the line at the bottom of*
!he region. labele-d 1lI Ii n be seen that FOCUS MIN and BASE MAX are the same line, i.e., the
line hets~ecn I ()( I S %1F \s intl B.\SI ME AN Thus, there are nine separate lines to be concerned
,A ith

Statistics obtained Itoni blast dlati are based on a 5-lb charge fired during the day with atmospheric
conditions considered to, he standard insersion factors,* [Deviations from these basic conditions are
accounted for by corrections added during the calculations.

11 nits

The amplitude is. given in decibels and defined as

10 log,() P11J [Eq I1I

% he re

P 0  =reference pressure of' 20gPa

P preCssure in Pascals.

'I he distance between at noise source and the point at which its noise level is to be calculated using the
X and] Y coordinates read f'rom at map is determined as follows:

= (V, -- .,., +- (VI - [ Eq 2]

where

I x ~ Iv i ordinates of the point

fx-). I eOoildinates of the source.

It the map coordinaties are in feet, they, can be transf'ormed to metric units by' the conversion. I
ft 0.3048 m. I mile 1 (11) M

... . . I- i ihc ' cxhct w,ltm,, m I rit I 'niri \k5 'itiI



I ilt iorie Iii (14 - if fi-ing. tie it fight, add at Mf dlB penalt\() to iiillpnit:~ f i in. tI Isei
hittn'.1211-1111 Mi to Ioise ticelirring at night

2 C harge siie correclion -- IVhe difference between at 5-lb open air explosiotn and the hMast t(i be
predicted must be found It the blast is not created by a weapion, but is the result o)I an oinidirectionid
explosion. then [igure 26 is used 11 it is ai weapon, then the following equation IS Used

/iijrto' ttrncftm .1 + H log;,, I f * ) 10 ) IV6 I 1 31

/here

V\ IB, anid \\ (p atrc l(od in I ihi-le 4
W Is he1 %NCtghi (d thle Inist C i poMis

lichight correction - the height im grouind coirrectioin is used tii eiinpeitsie fomh ifcttencl"111
etlect'. ofl the earth (in s.iind 'A,Iie propagation for epoIon)ccurring tihti~ o)r hchi% fie yrorItid

It If heigfht > itthetn grouttd correction ( ili,

h f f /It .e/n 07 i Ii'pf/i [if'1 7 1 41

%k here

height t'. in feet

charge Si/e Is in pounds

1f 2 24 depth i ) then

(111ri tl -rt n n Ioptdt[ i .
1363

It dfeptfh -- 2. 2S. thetn

(,I olm wc( /tiPt .c/if/ qiI~6 lA6
11)31

4 (111n ingle cirrect ion 111C h SITInd rI)IMfLtced h at round firedf h% at smapiin has, t directi \ It
pit ter iss'mticdei "ith it is at resuft it the physical characteristics of' the Acapon,~ noise pnc(fILCedl h
demioliiitn hNast, hi,\eser. i,, omrnidtirectinlIf [fiereforc. it ctorrectioin f'acfir nmust he Aidfed (t) Accitunt
fur cfireoi t ii [his fIcIti inorpitraics the angle beete the direction in Ashich the \AeIpiii1 n111.1fe 1is

pointed and the pilfi -it \%fich the cafeCUfation is being madfe I Figure 27t The COTIrrcitIM f,1ci10r CAii
he t tIund lh/ hmiking It 1.11 in I ihle 4 for tifle apfriliprite gunt typec and closest ikngle. e g anm angle
hct %ecn I ittd 4 ( wMit/i/ be iticindedC Under 3ff 1 iii the tAbfe Ifliere aire stiiff tufter %itic., tkt cO-
'.ider. but1 their efleos atre cinsidfercl fuLrther in iii the CiICUfations.

k Sound-F nergp V~posure

\thi'. Stage. a tible oif ifl f fe coirrecte/f decibiel '. afues should be maide. Ilii)\e\ ci ,heft i[etlie
ir nhni ti iifertitns i additin ior subltacttion tcan he perfoirmed. the decibel aiLc'. must be

1ff9



I ,ata Needtd
I~t.' r, pr .'L'ding '.9T th . .c lculations, the following set of data must he readily availahle

i ekcijlm : pc

" ).,nLn C Iin rici cs, front the noise source at which the decibel level is to be calculated

IhC tln,_ ,I I!W rg. I C durlng the da (0"700 to 2200 hours) or night (2200 to 0700 hours)
A \clghl 11c tn pounds (charge site oir 7one)

llCIVc rh'., (it hCkAv ground in teetl of the explosion

h, i duic t ' o' tire in relation to the point of calculation

irr\cr.loii , 
t, t, ct , 

ilI

dI LJ lka '

h 1 1, ) !) ( rl/

h I i ill ,"

t; \ m h f ,I urids Ied

N \ ,iher .,I ,i ', hich data ,'crc collected.

II. Blas t Amplliudes
1,, fnd the appropriate ( -Awc ighted decibel ,alues in the tables produced by T'ABGEN. the follow-

nIlg ci llattiins tust he made 100 log,( ) (distance in meters) - 19Q = position in table counting
across Irtim let to, right \alues for

I icus M.\
2 Inc u I F\ N

-3 H&-C M\

4 Base \1f 1\

Ncgatise MA\

I xcos' Negati, e\1 I. \N

\, | ",e" Negali\e \1IN

T Alue.S hSted abo,.e must he taken from Table 20. T-he user must be sure to choose either the da,
, rnight ,ables. depending on the data

Ill. Percentayes

The net ,cit mi0es required are the percentages which are found in the same position in the
t,hles as !hat v.d, ulited for Ihe decibel values. There are four numbers, one for each of the regions
I I,\ NI (t IN\ f -. and FIXCESS NE(i-TIVF these numbers are also differentiated as to

, ,r night

1! . ( orrection Factors

\tcr th, prcicdtng IoaWI ,al ues are ibtained, a series of decibel correction factors are added t
',) st hdt thc, c irresp,,nd tit lhe gi en data These factors are a result of weapon type, charge sile.
igtlll ih,_ight iho\,c ir heiiwA griund. and angle ol gun with respect to the receiver (p)int of calcula-
',,i I-\ltct all the cortecton factor, have been calculated, they' are added together and then added to

the numn,: )I dClhclIs I nd inititially, 1hey are
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tinnmid hat k To) SOundL C'jpotire In energ ( )nk le,.le ihmce 8S d tc Tor he iied InI L,1LUiing
he Itil S I I *I hIre C u 'cFrt I ~ ~ c (hi )I IMJ CS,\Th can he LISedL Ir t iICUlitirig hW inilti CXjIMSHIf

depend1InIfg 01n theC ma1gitue 01 the %dILICS InI the tahie Faich rlegion. HK C(IS, II.S ,I A I , mid
I V SS \ I (I \ I I VI i, considered ,cparmtek Blefore ci n~e-11 c Lng I)C decib LIC 1mes iinerp. thec usci

ImnIq~ tirst dieternme Ahethea Ow corrected Alues for each region mre greater thain or e~qual i( X'IM

I et

I Wfal Ifcun I Ll 7

4 343 (10) 1 F( QI *

41 343(1 Wt

( je I Wax M No, Ifeati 55 No Ifin >_ 8S? No.

.Solinii I:pomirc = A1 0 11 Ll 101

(~ iI 11 1fa X ' ,s. Wc1u -,, 8s') No. Aim 85'? No.

I,3 73 x10' "t I
K,, 4- (

I 1 I I LI 1231

aIII Ia k~ 'T Cs I'ean 018.' Yes W1in~ 8s' No.

!Y~xIKAIIlIq 141

I.- V II I ~ 11
P 'dh d lh \~ ~I, .. ... /, ,

11\ B\ , IT,1 1 14 LI
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t ,'IV t~d\ - XiS' hl'etca'n 8i5> ?u .,> 'l!/i ' 'e.,

SE 10 PqIXS/ = lO, '  I!-q 18]

VI. Percentage Correction Factors
Ine tajh)Ce I ,ted hBr -\B(jIN arc under the conditions of standard percent/temperature inver-

,,on .i t:trs , hcse ire '4.2 pcrcent at ground lcel 86 percent at 0 to 500 rn, and 18 67 percent at 0
to 1000 r If thes alue,, differ lor the area under consideration, the percentage values found in

I -I$(I N are too(illed

I ground or ,urface inxersion factor

P( 2 0 t(0) m
l'('3 -- t ] )(l

P(~P( (I lo 3002

Rato [Eq 19[82.9

It night, and distance betv een source and point < 2 miles:

Ratio R I = P[I Eq 201
74.2

11 night, and distance > 10 miles
PC 3

Raio R2 - + 1/2 [Eq 2112(18 67)

It night, and 2 -- distance I0

Ratio RI LlO (disanc'1 tnk'ls + R, [Eq 221

A, he' Ic

distance 'I% in miles

The percentages taken from the da% or night percentage vs distanc/curves are identified as fol-

If

N ',NEG-(1VE

8 ' 'BASE
IN E XCESS NEGATIVE

Il n uw /IO( 'lS /ctor F xi ratio [Eq 23)

HI - i'te BASE: factor= B x ratio [Eq 241

A = (8-81)+ (F-l1) IEq 251

Y* , i~ 1 l T f. 1 l ', h l l j it, i ll t.1:w - 2 hi M , 2 V '-it' .'
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A I - ne '(,. 71l VE factor -> + A. +- N. If I' <0 =( 0 [-q 261

N+EN

L.A I L= new S E.Y(A 111 EU L lctor - E __- X .1 + FN f, < 0) 0. Il-q 271
NEN

N-11. Sound-Exposure Total

%t this point. the sound-exposure values fbor each region FO CUJS, BASE, NE(GAIIVI.. aind
F..\( I SS N(AIVEf'ound in Section V are multiplied hy the corresponding percentages f'ound in Sec-
tion VI. The f'our resulting numbers are then summed to determine the total soiund exposure.

S, SL'i, .5 E,, + SE, + SE, , I Eq 2X 1

w hecre

SE -SOU4NI) EXPOSURE PERCENTAGEF

I TOT 'N

I= HNCS

N =NE( IA FI k 1

EN =EXCESS NEG;ATIVE

H, Routids

( .ilculition thus far has, been one round per day or night. This is the stage at which calculations
include more than one round, if necessary. Multiple rounds are accounted for by dividing the total
number of rounds from at gixen source b. the total length of' time (in days) over which firing was aver-
,tged to obtain a single value tor number of' rounds per day. This value is then multiplied by the total
sound exposure calculated from that one soiurce to the Point.

I. / .L:, (nui,,h('r '/rounds~2~

SENI~ ~ day1q 9

,Ahere

SI , siound exposure f'or specified conditions

SI Sound exposure total f'rom Eq 28W

the soundf exposures thus calculated For day and night values are added together. If* there is only
mne So~urce. then this is the final sound exposure ( ' F FN )I for the point and the calculations proiceed to

Section % III If- there are moire sources, this sound-exposure value is an intermediate result. \'erv sel-
dom. howe%,er. is there (inly one source. If' there is only one firing point and one tairget point. there are
two sources (Note since the noise at the target point is omnnidirectional, just ats for at demolition or
explosion, there should he no gun-angle correction for it during the calculation.) Vhe final sound expo-
sure at at given point is the sum of' the energies due to all sources at that point. Thus, all the
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c ilkUltons from Section II to VII are repeated to determine the sound exposure due to each of the
-r a e .It the point I

NIll. C'INIL

1 he value for the final Sound exposure is transformed into decibel units by a logarithmic transfor-
riat) io i)btain the SFL

SLL = 10 log ,,SE, (Eq 301

\A here

StIN is the linal total sound exposure from all sources.

'1o obtain the (i)NI values,, a constant is subtracted from this value. This constant is the loga-
rithm of the number of second, in a day and arises from the way the equations for CDNL are handled
h% the program

CI)NL = SEL - 49.365 [Eq 311

\a. rpte i

I firing l)aa*

Ill) Demolition

(12) Distance from source = 4000 m

113) Daytime

W4) Charge size = 5 )b

151 Above ground 200 ft

(16) ()mnidirection explosion (no target)

(171 Stndard inversion factors

(17 j) 74 2 percent

(17b) 8.6 percent

117c) 18.67 percent

(18) One round

(191 1 day

Blast amplitude (Il) and percentage (Ill) use a distance of 4000 m. Find the decibel values for
the regions FOCUS, BASE, NEGATIVE , and EXCESS in the TABGEN tables. Position in table
100 log 4000 - 199 = 161 = first column in ninth row. Table 21 lists all values.

(IV) Correction factors

Decibel

Question Answer Correction

.t w 1,Fh ' N % a p, ihic
I . t itph 'h ,il II

t Ill \ 1 (I11
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Since the correction factors total 0 dB, the corrected decibel values are the same as those found
initially from TABGiN.

V ) B.A.W- /s, Cus.,e /V.' E 1 0 i, 110 _, 0 '  18J
i'' I

0 IO(',.S is (ase IV SE = 10 '" = 1.62 x 10" i1.q 181

(V) NF;ATIV[ is Case 11

.4 = 82.9 - 77.2 - 5.7 [lq 71

S87.0 - 82.9 = 4.1 [lI-q 81

4 1

S 4.343(10 "' - 1 - 4.1 1.077 1Iq 91
5.7 - 4,343(-10)

- 373 x 10' 1341 X II-q 141
(1.077)(5.7) + 4.1

I = 10 ''' -1 = 0.585 1t:q 151

S: =  1.341 v 10" (0.585) = 7,845 x 10' 1l1q 71

(V) EXCEtSS NIiATIVt" is Case I

S: = l-q 101

(VIIA) S:, = (1,10 x ('')(0.041) = 4.51 x 10'

SE, = (1.62 x 10")(0.219) = 3.55 x 10"

S/\ = (7.845 x 10 )(0.385) = 3.02 x 10

I: = (0

.5, = 8.372 x 10'lbq 281
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I IB) No round koirec ion since number of round% and nomhcr )f da> , both I

S,' , .StL, il-q 321

I .//) SEL 10 log,,, (8.362 109 89 2 ILq 30)

(D.'I. = 89.2 - 49 365 31) ) [q 311

( ,,iI,)

'I Ii)10-mm howitzer (MI02)

(12, l)istance from source = 1/2 mile

I! Night

iI41 (harge /one 6. A - 83 78 B = 13.91 AVG ) 1084

I S I Not ,pplicahle

I-) I n ersion fictors

11 a 93 percent

(h) 2 percent

'(Ic) 5 percent
(19) 100 rounds

(19) 2 days

(ll and III) 1/2 mile = X04.5 m

Poeition in TABGFN table - 100 log (804.5) - 199 91 = eleventh column in fifth row. Table 21
lists the decibel %,lue,, found in TABdEN.

IN I) (orrection lacto)rs

dB correltion

SIV I) Nighttime ? yes 10

(IV2) Charge Si7e. 1.8656 lb -25.5

(IV3i Height "I Not applicable 0

(1V4) (iun angle 9o0 6.5

TOTAL -9.0
Add the correction factor to the initial values in TABGEN (Table 22).
IV) Sound exposure

F - 10 '( 1.41 x 10'' [Eq 181

10)4 f6

B 10 - 2.88 ( 101 tEQ 181
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I o 2 8 2  1 [Eq 181

I MI]SS NF'iIIVI: is ('ase II

A - 84 - 77 3 7O
= 86k) 984 3 - 2.6

A 4.343(10 Ii .2 =0.272 [q 91

7O 43(3(l 10

1 373 \ 10" 10 ' IFq 141
().272)7 2.6 - 0 E

. I - I = 0.S49 [Eq I

St. = (3.05. 10x )(0.549)= 1.67 x 10' [F.q 171

(PI) PCI = 93 P(2 = 2 I(3 = s

93'hr. < 2 m-e RI - 9 = 1.25 [Eq 20!
.%'~t't. 2 etis. /- 74.2

f 1 = (6.1)(1.25) 7.625 percent [Eq 231

BI = (39.0)(1.25) 48.75 percent [Eq 241

A (6.1 7.625 + (39.0 - 48.75) -11.275 [Eq 25!

N 1 (39.7) 11.275) + 39.7 = 31.55 percent [Eq 2"1

54.9

E I 15.2 (-11.275) + 15.2 12.08 percent [lEq 271

(VIIA ) SE, (141 x 10''' (0.0762) = 1.074 x I Eq 281

SE, = (2.88 x 10"') (0.4875) = 1.404 x 10"'

SE\ = (2.82 x 10") (0.3155) = 8.897 x 1W

(.67 x 10') (0.1208) = 2.022 x 10

s.E - 2,569 x 10"' [Fq 28!

I 00 rounds
(VIIB) 2 ds SO rounds/day [lEq 301
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